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WELL-DEFINED NANOSIZED BUILDING BLOCKS FOR 
ORGANIC/INORGANIC NANOCOMPOSITES 



STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 



5 The invention was made with Government support under FAA 

Contract No. 95-G-026 and U.S. Air Force, Phillips Laboratories. The Government 
has certain rights to the invention. 

BACKGROUND OF THE INVENTION 

1 . - Field of the Invention 

10 The present invention pertains to functionalized, discrete 

silsesquioxanes which are useful, inter alia, for preparing organic and inorganic 
nanocomposites, to methods of their preparation and their use. Nanocomposites 
prepared from the functionalized silsesquioxanes have unusual physicochemical 
characteristics. 

15 2. Background Art 

Macroscopic composites of many typos are known. Familiar 
examples include carbon fiber and glass fiber reinforced thermoplastic and thermoset 
composites. Comyposite properties generally exceed those predicted from application 
of the "rule-of-mixtures" based on the properties of the individual components. 
20 This increase in physicochemical properties is believed due to interfacial interactions 
between the dispersed and continuous phases. As the size of the various phases 
diminishes, the surface area increases, thus increasing the interfacial interactions. 
At the interfaces of divergent materials, a separate phase, the "interphase" can be 
hypothesized. 
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Nanocomposites are composites where the interphase characteristics 
dominate composite properties due to the very small size of the materials used to 
prepare the composites. The particles of nanocomposites may be viewed as having 
a maximum dimension of about lOOnm or less. While substances such as colloidal 
5 silica can be supplied in nanometer sizes, the functionality of such silica is limited, 
and the size and geometry of the individual particles are irregular. Thus, it is 
impossible to prepare nanocomposites having well defined nanostructural units from 
such products. 

Cage-like silica compoimds are known to exist. However, the 
10 fimctionality of such structures is generally limited to hydroxyl (silanol) 
functionality, if fimctionality is present at all, thus reducing their utility as 
nanocomposite building blocks. 



Silsesquioxanes functionalized with -OSi(CH3)2H groups are known, 
as are poly(glycidyl) and similar derivatives prepared by hydrosilylating compounds 
15 such as allylglycidylether with the aforementioned Si-H functional silsesquioxanes. 
However, there is a need to provide additional reactive silsesquioxanes, particularly 
silsesquioxanes which exhibit high thermal stability and a wide variety of 
functionalization. 

Octaphenylsilsesquioxanes ("OPS") have been known for some time, 
20 J.F. Brown, Jr., et aL, J.Am.Chem.Soc. 86 1120-1125 (1964), and are 
commercially available. OPS may be produced, for example, by the hydrolysis of 
phenylsilanes such as phenyltrichlorosilane and phenyltrimethoxysilane. However, 
the phenyl group itself is considered non-functional, and prior attempts to 
functionalize it have not proven successful. See, e.g. Voronkov, M.G., et al. 
25 "Polyhedral Oligosilsesquioxanes and Their Homo Derivatives," TOP. CURR. 
Chem., 102, 199 (1982); and K. Olsson, et aL, Arkiv. Kemi. 17 529-40 (1961). 
Olsson et aL were apparently successful in octanitrating octaphenyl silsesquioxane 
to form octakis(p-mtrophenyl)silsesquioxane in quantitative yield. However, the 
nitre group is an essentially unreactive group relative to use as a bonding group, and 
30 Olssoji's attempts to reduce the octanitro compound to a useful and reactive 
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octaamino compound were not successful, the authors describing the nitrophenyl- 
substituted compound as "inert." 

It would be desirable to provide well defined, oligomer ic 
silsesquioxanes which are functionalized with reactive groups which can be 
5 employed in controlled chemical bonding. If such functionalized silsesquioxanes 
were available, a variety of nanocomposites having well defined structure could be 
created. The resulting products could have numerous uses in fields as wide ranging 
as unproved strength construction materials and photonic crystals or as traps for 
quantum dots, catalyst particles, etc., to name but a few. 

10 SUMMARY OF THE INVENTION 

The present invention pertains to functionalized, phenyl 
silsesquioxanes containing a minimum of six silicon atoms on average and having 
a maximum dimension of ^ 100 nm, and containing preferably up to about 24 
silicon atoms, these silsesquioxanes preferably having a cage like structure, or 
15 oligomeric or polymeric species derived by coupling such silsesquioxanes by Si-O-Si 
bonds. The phenyl silsesquioxanes have been functionalized with functional groups 
which may be used to link the silsesquioxanes to substrates or to other organic or 
inorganic compounds or stmctures to provide a vast array of nanocomposite 
materials. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 illustrates in schematic form some of the silsesquioxane 
structures and functionalized silsesquioxane structures useful in the functionalized 
nanoparticles of the present invention. 

FIGURE 2 illustrates preparation of "cube" and oligomeric "open 
25 cube" silsesquioxane cage-like structures where the silicon atoms are phenyl or 
substituted-phenyl substituted. 
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FIGURE 3 illustrates the synthesis of aminofiinctional-substituted 
silsesquioxanes from nitrophenyl-substituted silsesquioxanes. 

FIGURE 4 illustrates a synthesis of an octakis(bromophenyl)silses- 

quioxane. 

5 FIGURE 5 illustrates a synthesis of an octakis(acetylphenyl)silses- 

quioxane. 

FIGURE 6 illustrates a synthesis of an 
octakis(chlorosulfonylphenyl)silsesquioxane. 

FIGURE 7 illustrates a synthesis of an 
10 octakis(phthaliinidophenyl)siIsesquioxane. 

FIGURE 8 illustrates a synthesis of an 
octalds(nialeimidophenyl)silsesquioxane . 

FIGURE 9 illustrates replacement of amino hydrogens by phenyl or 
substituted phenyl groups which may be useful as hole carriers for organic light 
15 emitting diodes. 

FIGURE 10 illustrates schematically a nanocomposite prepared by 
reaction of an aminophenyl-substituted silsesquioxane with a 
glycidylpropyldimethylsiloxy-substituted silsesquioxane . 

FIGURE 11 illustrates schematically a nanocomposite prepared by 
20 reacting an aminophenyl-substituted silsesquioxane oligomer with a 
glycidylpropyldimethylsiloxy-substituted silsesquioxane. 

FIGURE 12 illustrates schematically a nanocomposite prepared by 
coupling an aminophenyl-substituted silsesquioxane with a difunctional bisphenol 
A diglycidyl ether coupling agent. 
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FIGURE 13 illustrates schematically a nanocomposite prepared by 
coupling an aminophenyl-substituted silsesquioxane oligomer with a difiinctional 
bisphenol A diglycidyl ether coupling agent. 

FIGURE 14 illustrates schematically a nanocomposite having imide 
5 linkages between silsesquioxane "cubes" prepared by reacting an aminophenyl- 
substituted silsesquioxane with pyromellitic dianhydride. 

FIGURE 15 illustrates schematically the preparation of a core/shell 
or layered multi-block nanocomposite structure by reaction of a first portion of 
functionalized phenyl silsesquioxane with a complementarily reactive second 
10 functionalized silsesquioxane. 

FIGURE 16 illustrates the preparation of a multi-layer nanocomposite 
material on a substrate employing epoxy-functional silsesquioxanes and the 
aminophenyl-substituted silsesquioxanes of the present invention as complementarily 
reactive layer components. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The functionalized silsesquioxanes of the present invention are limited 
to silsesquioxane stmctures being less than 100 nm in size in any dimension, and 
preferably having 24 or less silicon atoms ("macromonomers"), and to oligomeric 
or polymeric structures created by linking such silsesquioxanes together. By 

20 "silsesquioxanes" is meant a stmcture whose skeleton is composed substantially of 
RSi03/2 ("T") moieties. The silsesquioxanes of the present invention may contain 
less than 33 mol percent R'2Si02/2 ("D") moieties, where R' may be R or may be 
a substantially non-reactive group such as an alkyl or aryl group. The amount of 
D moieties is preferably less than 10 mol percent, more preferably less than 5 mol 

25 percent. Most preferably, only incidental D moieties are present, and when present, 
generally define incompletely condensed comers of polyhedral structures. Some 
silicon atoms may be bonded to another silicon atom, or to another silicon atom by 
means of a bridging group such as -CHj-, -CHjCHj- or aryl. However, the 
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presence of such linkages is also incidental, in general. The majority of silicon 
atoms are bonded to other silicon atoms by Si-O-Si bonds. 

Most preferably, the silsesquioxane takes the form of a cage-like or 
ladder structure such as those illustrated in Figure 1 . Cage-like structures with from 
5 8 to 16 silicon atoms are preferred. Most preferred are completely condensed cages 
having 8, 10, 12, or 16 silicon atoms or incompletely condensed cages having 7 or 
8 sihcon atoms. However, sheet-like structures are also possible. Moreover, larger 
structures which have a thickness of less than 100 nm and contain Si-bound 
functionalized phenyl groups are also within the scope of the invention. 

10 The reactive, functionalized organic groups comprise an aryl group 

bearing reactive functionality. "Reactive" functionality is considered to be that type 
of functional group which can react to form a chemical bond with another molecule 
imder conventional chemical reaction conditions without the use of "brute force," 
Common reaction conditions include those employed in hydrosilylation, 

15 condensation, addition, ester ification, etherification, Michael reaction, imidation, 
amination, sulfonation, and the like. These reactions are those in common use to 
provide a wide variety of organic derivatives, oligomers, and polymers. Examples 
of reactive functionalities include epoxy, amino, hydroxy, (meth)acrylate, alkyl, 
maleimide, isocyanate, cyanate, carbonate, carbonylchloride, sulfonylchloride, 

20 silicon-bonded hydrogen ("Si-H"), and the like. The silsesquioxanes of the present 
invention which have a given functionality may be employed to produce 
silsesquioxanes with different functionality by suitable reaction. For example, a 
silsesquioxane where the phenyl groups are substituted with amino groups may be 
reacted with maleic anhydride to produce N-maleimidoaminophenyl ("maleimido" 

25 or "maleimide") functionality. 

Silsesquioxanes bearing -OSi(Me)2H groups are known, as indicated 
previously. These compounds may be used to hydrosilylate a nmnber of unsaturated 
compounds bearing functional groups, i.e. allylglycidylether, allylamine, 
isocyanatoethylmethacrylate, and the like. Such silsesquioxanes are highly useful 
30 as spacer molecules in the preparation of multilayer or core/shell ordered 
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nanocomposites together with the functionalized phenyl silsesquioxanes of the 
present invention. 

Preferably, the functional groups of the phenyl groups include 
reactive functional groups such as an amino, maleimido, isocyanato, or cyanato 
5 group. For the purposes of this invention, phenyl substituents such as alkoxy, nitro, 
alkyl, aryl, and the like are considered non-reactive. 

The functionalized silsesquioxanes may be made from a variety of 
starting materials. When substituted phenyl-fiinctionalized silsesquioxanes are 
contemplated, it is desirable, for example to enq)loy phenyl silsesquioxanes such as 

10 octaphenylsilsesquioxane, commercially available by hydrolysis of 
phenyltrichlorosilanes as a starting material, or a phenyl-substituted silsesquioxane 
also containing less than about 50 mol % of alkyl groups, such as may be prepared 
by hydrolyzing a mixture of phenyltrichlorosilanes and methyltrichlorosilanes or 
(phenyldichloro)(methyldichloro)disiloxane. In such compounds, the alkyl 

15 substituent is virtually non-fimctionalizable, and will limit the overall functionality 
of the functionalized silsesquioxane. Preferably, the silsesquioxane is a 
peiphenylsilsesquioxane, the phenyl groups of which serve as an admirable vehicle 
for fimctionalization by electrophilic substitution. 

While numerous silsesquioxanes may be used as preciursors to the O- 
20 Si(Me)2H functionalized silsesquioxanes of the prior art, the expense of the 
commonly used precursor is considerable. During the course of the investigations 
of the present invention, it was surprisingly discovered that inexpensive materials 
having high silica ("Q") content provide a somrce material for functionalized 
silsesquioxanes. Suitable source of sUsesquioxane "skeleton" material, for example, 
25 are ash produced from silaceous sources, such as fly ash, rice hull ash, etc. Rice 
hull ash is a particularly preferred source material, siace it is high in silica, and is 
available at very low cost. The preparation of 0-Si(R')2H functionalized 
silsesquioxanes from such natural sources is also part of the present invention, 
where R' is a hydrocarbon or hydrocarbonoxy group. The products or derivatives 
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may be used in conjunction with the functionalized phenyl silsesquioxanes of the 
present invention to provide useful products. 

Rice hull ash, high in silica content, may be converted to an octaanion 
by reaction with tetraalkylammonium hydroxide. The octaanion salt may then be 
5 converted to the corresponding octakisjliydridomethylsiloxy] compound by reaction 
with chlorodimethylsilane. The reaction provides an octafunctional compound 
which contains an Si-H bonded hydrogen which can participate in hydrosilylation 
reactions to form a number of reactive derivatives. Such a synthetic route to 
functionalized silsesquioxanes has heretofore not been known. Most preferably, the 

10 synthesis takes place at 60-90**C over approximately 1-4 days. The reaction time 
can be shortened to one day at reasonable yield if a reaction temperature of 80°C 
is chosen, with reaction conditions of 1.4 mol rice hull ash (silica), 150 ixil water, 
1 10 ml methanol, and 300 ml of 20% tetramethylammonium hydroxide in methanol. 
Quaternary ammonium hydroxide is preferably used in at least stoichiometric 

15 amount, and may be used in as much as twice stoichiometric or more. 

To functionalize phenyl silsesquioxanes, the phenyl groups may be 
nitrated, and the resulting nitrophenyl groups reduced by aminopljenyl groups. The 
facile reduction of the nitrophenyl moieties is directly contrary to the inert character 
assigned to ONPS in the literature. These aminophenyl groups serve as a 
20 springboard to nmnerous phenylsilsesquisiloxanes substituted with reactive 
functional groups, or may themselves serve as reactive functionalized group- 
substituted silsesquioxanes. For example, the aminophenyl silsesquioxanes may be 
reacted with maleic anhydride to produce N-maleimidophenyl-functional 
silsesquioxanes, or with phosgene to produce chlorocarbonylamino groups 

o 

(— NH— C— CI) 

25 Based on success with the nitration process, related approaches were 

used to generate other materials. Thus the octabromo analog was successfully 
prepared using very mild conditions, and polysulfonyl chloride and polyacetyl 
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derivatives were also prepared. Note that Olsson et al make the point that 
polyarylsilsesquioxanes are not stable in sulfuric acid. 

In the synthetic methods used, occasionally some phenyl groups are 
lost, leaving a material that can have one, two or rarely three Si-OH bonds. In 
5 addition, occasionally one Si comer is missing. This leads to novel incompletely 
condensed materials that are known in the literature for alkyl substituted 
silsequioxanes but not for phenyl and especially not for fimctionalized aromatic T- 
resins. 

These examples are meant to be representative and one skilled in the 
10 art will recognize that related reactions such as the Gilch reaction, Friedel Craft 
alkylation and sulfonation reactions and many other aromatic fitnctionalization 
procedures are possible despite the well-known propensity of arylsilane compounds 
to react at the silicon-aryl carbon bond, e.g. to undergo protodesilylation. In 
addition, other aromatic compounds including S and N heteroaromatics and 
15 polyaromatic silsesquioxanes should be amenable to similar modifications. 

These functionalized materials offer access to a wide variety of novel 
macromonomers of use for diverse applications as well as for nanoconq)osites. For 
example, the OAPS and poly APS can be used as: (1) substrates for peptide 
syntheses, (2) polymers for ion exchange resins, (3) surfactants for templating the 

20 formation of mesostmctured materials, (4) precursors to 3-D polyaniline and 
polypyrrole conducting oligomers and polymers, (5) precursors for hole transport 
and emitting compounds for organic light emitting diodes (OLEDS), (6) for thin film 
organic transistors (TFOTs) and sensors, (7) for fire resistant materials, (8) for high 
temperature stmctural materials, (9) diazo dyes, etc. All or any of these 

25 functionalities may be incorporated in the nanostmctured materials that can be 
constructured with the methods and materials developed in this patent application. 
Similar diverse applications are possible with the other functionalized aromatic 
silsesquioxanes made above. 
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For example, the octabromo materials can be employed in Heck or 
Suzuki reactions to make numerous materials for many of the same applications as 
for OAPS and polyAPS, e.g. OLEDS, TFOTs, sensors, as well as other areas. 
Materials made by coupling both compounds might serve as controlled porosity 
5 materials for photonic crystals or as traps for quantum dots, catalyst particles, etc. 
Those versed in the art will recognize the general utility of these materials. 

Likewise the polysulfonyl compounds can be made into amido and 
sulfonic acid derivatives, used in Friedel crafts sulfonation reactions or because of 
the very high density of acid groups per unit volume they may serve as acid catalysts 
10 for numerous types of processing including chiral syntheses if coupled with other 
aromatics, as a proton transfer agent in proton conducting membranes, etc. Thus, 
there is every reason to use them for the fabrication of polyfimctional 
nanocomposites . 

Figure 9 represents a model reaction demonstrating replacement of 
15 an amine hydrogen with a phenyl group as a potential model for miaking hole 
carriers for OLEDs or for making amides or even as a novel precursor or 
aryl/alkylammonium salts, etc. 

It has been surprisingly discovered that the phenyl groups of 
phenylsilsesquioxanes are amenable to electrophilic substitution . It is possible, 

20 using such reactions, to substitute a wide variety of functional groups onto the 
phenyl groups. These groups, in turn, may be used to provide access to other 
functional groups which may not be useful in electrophilic substitutions. The degree 
of functionalization of the phenyl groups may be from 1 to 3 groups per phenyl ring, 
but the most iiseful nimiber of functional groups is one per phenyl ring. 

25 Furthermore, the number of phenyl groups which are functionalized may range from 
one per silsesquioxane molecule, to being fully functionalized, i.e. one reactive 
functionality per each phenyl group. In general, it is preferable to functionalize 2 
to 8 phenyl groups, more preferably 4 to 8 functional groups, when the 
silsesquioxanes are "cubes" having 8 silicon atoms. The total functionality may be 

30 tailored to the application. It should be noted that the term "precursor" means a 
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functional group which is subsequently reacted or derivatized to form a desired 
functional group. For example, a nitro group may be a precursor to an amino 
group, and an amino group may be a precursor to an isocyanate group or a 
maleimido group. 

5 Highly pure acetyloctaphenylsilsesquioxane ("AcOPS") can be 

produced in moderate yield via Friedel-Crafts acylation chemistry. Initial reactions 
in pure CS2 resulted in high conversion, but were plagued by inconsistency due to 
solubility issues, as well as substantial Si-C cleavage. Reactions in nitrobenzene or 
mixed nitrobenzene/CSj systems provided more consistency and little or no 

10 cleavage, but limited (< 70%) conversion and long reaction times. Reactions in 
mixed CS2/CH2CI2 provided fast, efficient reactions with little Si-C cleavage. The 
slightly high cerandc yield in the TGA trace is indicative of Si-C cleavage, and 
subsequent formation of Si-OH or bridged Si-O-Si dimers. The ceramic yield for the 
repeating imit HOSiOi ^is 87.0 % and that of CH3COC6H4SiOi.5 is 35.1 %. From 

15 these values, the fraction of cleaved groups is calculated to be 2.4%. This is 
consistent with the GPC data, which indicates 1.7% dimer, and the ^H-NMR 
spectra, which contains a trace Si-OH peak at 1.6 ppm. Lower reaction 
temperatures were found to improve, yield and metal para ratio. 

Polyphenylsilsesquioxane can be acylated under the same optimized 
20 conditions for OPS in moderate yields. Conversion of phenyl to acetylphenyl is 
90% (as per IH-NMR). It is interesting to note that the polydispersity and 
molecular weight of the PPS decreases significantly upon acylation. This 
phenomenon was also observed upon nitration of PPS, and can be explained by the 
cleavage of Si-O-Si bridges and subsequent rearrangement during the acidic 
25 synthesis and work-up. 

Nanocomposites have many uses. For example, many nanocomposite 
materials exhibit high heat deflection temperatures, i.e. nylon containing exfoliated 
clay particles; high gas barrier properties; high thermal stability; enhanced 
resistance to oxygen, as required for low earth orbit devices; controlled porosity; 
30 low k-dielectric materials; and use in constructing low-cost lasers and other 
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electxooptical devices, A difficulty in many of such applications is establishing a 
controlled structure created from precisely defined nanostructural components. 
Nanosized fillers such as small particle size silica, exfoliated clay, and the like do 
not have the precisely controlled size required for designed nanocomposites, and in 
5 general lack useable functionality as well. 

Without the ability to provide nanocomponents of specified structure 
and functionality, it is impossible to construct materials or devices which rely on 
predictable separation of nanocomponents, whether randomly distributed in a 
continuous matrix or reacted in successive layers with organic resins or other 
10 nanocomponent particles. Without predictable geometry at the nanocomponent 
level, the ability to predict non-linear pheomena, and therefore use in devices which 
rely on such non-linear behavior, is thwarted. 

Many varieties of nanoconq>osite materials are made possible by the 
fianctionalized silsesquioxanes of the present invention. For example, simple filled 

15 polymers may be created by employing the functionalized phenyl silsesquioxanes 
("FPSSO") of the present invention dispersed in a continuous thermoplastic or 
themoset matrix. Because of the extremely small size and the presence of significant 
reactive functionality, the FPSSO may be chemically bound to the matrix, 
generating a large proportion of interphase. Because the FPSSO are of predictable, 

20 repetitive size, composite properties may be absolutely uniform, a property not 
obtainable with fillers of random size and limited and often variable functionality. 

The FPSSO may also be used to form layered structures. Such 
layered structures may be prepared by reacting a first layer of FPSSO, for example 
an octakis(aminophenyl)silsesquioxane ("OAPS") with a difimctional spacer 

25 molecule, for example a diisocyanate or diepoxide, followed by addition of a second 
layer of OAPS, etc. , until a stracture of the requisite number of layers is produced. 
Unreacted spacer molecules and OAPS may optionally be removed prior to creation 
of subsequent layers, if desired, by solvent washes. The OAPS may be first (or 
later) partially reacted with other components such as dyes, liquid crystalline 

30 reactive substances, chiral molecules, etc., to produce layers containing these 
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components. Organic spacers which introduce further functionality, for example 
triftmctional, tetr afunctional, etc., spacers where the functionalities are the same or 
different, or organic spacers which provide novel physicochemical properties, i.e. , 
electroluminescence, light absorption, etc, may also be used. The components in 
5 each layer may be the same or different. 

Layered nanocomposites may also be prepared having successive 
layers of nanocomponents in the absence of spacer molecules by employing FSSO 
of complementary reactivity, or an FPSSO of the present invention and a glycidyl- 
functional silsesquioxane of the prior art, for example OAPS as a fibrst FPSSO, and 
10 octakis(glycidyl)silsequioxane ("OG") as a complementary reactive nanostructure. 
When the nanocomponents are small, as in the present invention, for example 
having an overall size of less than 5 nm, the resulting materials will resemble purely 
interphase material rather than bulk material, and significant alteration of 
macroscopic properties will result. Such products are novel. 

15 To illustrate the possibilities possible with the present invention 

FPSSO, a series of nanocomposite structures were prepared employing amine cured 
epoxy resins. The amine curing agent was standard 4,4'-diaminodiphenylmethane 
("DDM"). As epoxy components were used a standard bisphenol A epoxy resin 
(DGEBA) having a molecular weight of about 340, and OG and 

20 octakis(ethylcyclohexylepoxy)silsesquioxane ("OC") as FSSO. Tensile and fi-acture 
toughness of test specimens were measured. The test specimens were made at 
various "N" ratios of NHjiepoxy, followed by curing at ISO^'C for 10 hours in 
nitrogen atmosphere. It was found that the thermal stability of both the OC/DDM 
and OG/DDM polymers was considerably higher than that of DGEBA/DDM. For 

25 example, a 5 % weight loss was noted by TGA for the DGEBA/DDM polymer at 
340 ""C, while the OC/DDM nanocomposite polymer experienced the same loss at 
410''C, some 70°C more stable. The storage modulus curves of both the OC/DDM 
and DGEBA/DDM materials were similar in shape at all NH2: epoxy group ratios. 
Surprisingly, however, at an NH2/epoxy ratio of 0.5, the OG/DDM nanocomposite 

30 material exhibited only a slow decline in storage modulus with increasing 
temperature, with no observable Tg. At an NHj/epoxy ratio of 1.25, an 
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OC/OG/DDM nanocomposite material (OC/OG = 20/80 by mol) gave elastic 
moduli comparable with the best DGEBA/DDM moduli; and a fracture toughness 
which was exceptionally high for an epoxy resin. 

In addition to the aforementioned physicochemical properties 
5 available from FPSSO, the nanocomponents of the present invention offer other 
advantages as well: they are easily purified; they offer high Tg with little tendency 
to crystalize, but do form liquid crystals; they are easily processed by spray, spin, 
and dip coating, or by casting, both from solution and from the melt; they are 
extremely resistant to thermal, oxidative, or hydrolytic degradation; and they 
10 provide an extremely high density of varied or identical functionality in a small 
volume: 

Buildim Block Materials: 
Example 1 

Synthesis of Octa(nitrophenyl)silsesquioxane (ONPS) 

15 To 30 ml of fuming nitric acid was added with stirring and cooling 

in ice water 5.0 g (4.8 mmol) of OPS in small portion. After all has been added, 
the solution was stirred at 0°C for 30 min and further stirred at room temperature 
for another 20 h. The solution was then poured on 250 g of ice. When the ice has 
melted, a very faintly yellow precipitate was collected, washed with water and then 

20 with acetonitrile. The obtaiued powder was dried in a vacuum oven to remove 
residual solvent (70°C for 4 h). Weight 3.0 g (2.2 nmiol, recovery 46%). 
Chemical analysis, thermal and spectral data are listed below. 

Octanitrophenvlsilsesquioxane 

^H-NMR (acetone-d6): 8.7 (/, l.OH), 8.4-8.0 (m, 4.1H), 7.8 (wz, 2.7H) 

25 ^^C-NMR (acetone-d6): 154.0, 148.9, 141.0, 138.6, 136,5, 135.3,134.1, 

132.3, 130.8, 129.5, 127.0, 125,2, 123.6 
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^^Si-NMR (THF, TMS, 

acetone-d6, ppm): -79.2, -83.0 

FT-IR (cm-^): 3090 (6C-H), 1533, 1350 (6N=0), 1138 (8Si-0) 

TGA (air/wt%/1000^C): 33.7 (cal. 34.5) 
5 TGA(N2/wt%1000**C): 

Elemental Analysis: % C: 41.3 (41.4) %H: 2.4 (2.3) %N: 8.0 (8.0) 

GPC: Mn=1057, Mw=113, Mw/Mn=1.07 

Octaphenylsilsesquioxane (for comparison) 

IH-NMR (CDC13, ppm): 7.44 (dd, 2.0H), 7.42 (r, 0.84H), 7.34 (f, 1.9H) 

10 ^^C-NMR (CDCI3, ppm): 139.4, 134.2, 130.8, 127.9 

2^Si-NMR (CDCI3, ppm): 3050 (6C-H), 1596, 1496 (6C = C), 1138 (6Si-0) 

TGA (air/wt%/1000°C): 9.1 (cal. 45.6%) 

TGA (N2/wt%/1000°C): 0 

Elemental Analysis (%): NA 

15 GPC: Mn=707, Mw=711, Mw/Mn=1.01 

Example 2 

Synthesis of OctafacetvlphenvDsilsesquioxane (OAcPS) 

Into a 50 ml of schlenk flask was placed 0.522 g (3.92 nomol) of 
almninum chloride with 5 ml of CSj. The mixture was stirred at O^'C mider nitrogen 

20 ^ for 15 min. OPS (0.5 g, 0.484 mmol, -Ph 3.87 mmol) was then added to the 
mixture with stirring and the suspension was stirred at O'^C for 30 min and 20 h at 
room temperature. To quench the reaction, 5 g of ice was added and the organic 
layer was extracted with 10 ml of methylene chloride. The organic layer was 
washed with water until the aqueous layer became pH = -1 and dried over sodium 

25 sulfate. Undissolved powder was removed from the methylene chloride solution by 
filtration and the obtained clear solution was added dropwise into 50 ml of hexane, 
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10 



which gave white powder. The powder was collected by filtration and washed with 
hexane. Yield was 0.319 g (60.1%) (assuming the conversion of the phenyl group 
to the acetylphenyl group was 66.9%. Analytical data are in Table 1. 

Octaacetvlphenvlsilsesquioxane 
^H-NMR (CPCI3): 



"C-NMR (CDCI3): 



(THF, TMS, 
acetone-d6, ppm): 



8.3 (m, 0.86H), 7.9 (m, 1.7H), 7.7 (m. l.OH), 7.5- 
7.0 (m, 2.9H), 2.5 (m, 3.0H) 

198.1, 138.6, 136.3, 134.1, 131.1, 129.7, 128.5, 
26.4 



FT-IR (cm^): 



3390 (broad, 60-H), 3061 j(6C-H), 1690 (6C=0), 
1596, 1432, 1362 (6C=C) 1138 (6Si-0) 



TGA (air/wt%/1000°C): 38.4 (cal. 38.9, assumes 66.9% conversion of Ph to 

acetyl Ph) 



15 TGA (N2/wt%/1000°C): 
Elemental Analysis: 
GPC: 



% C: 47.1 (56.0) assumes 66.9%) % H: 3.7 (4.1) 
Mn=990, Mw=1089. Mw/Mn=1.10 



Example 3 

Synthesis ofOcta(acetvlpheml)silsesqidoxane (OAcPS) 

20 The same reaction conditions as in Example 2 were used except the 

reaction temperature. After mixing all the reagents, the mixture was refluxed under 
nitrogen for 1 h and ethyl acetate was used for the extraction instead of methylene 
chloride. Yield was 0.44 g (76%). Analytical data are in Table 1. 

Octaacetvlphemlsilsesquioxane 



25 'H-NMR (CDCI3): 



8.3 (m, l.OH). 8.0 (m, 1.9H), 7.5 (m, I.IH), 2.5 
im, 3. OH) 
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^^C-NMR (CDCI3): 198.2, 138.6, 136.6, 134.0, 131.1, 129.7,128.5, 

26.5 

^^Si-NMR (THF, TMS, 
acetone-db, ppm): -80.0 

5 FT-IR(cm-'): 3320 (broad, 60-H), 3060 (6C-H), 1690 (6C-0), 

1593, 1417, 1360 (5C=C), 1139 (6Si-0) 

TGA (air/wt%/1000°C): 42.3 (cal. 35.1) 

TGA (N2/wt%/1000°C): 

Elemental Analysis: %C: 49.4 (56.1) %H: 4.0 (4.1) %N: - 

10 GPC: Mn=1006, Mw=1060, Mw/Mn=1.05 

Example 4a 

Synthesis of Octa(broniophenyl)silsesquioxane (OBrPS) 

Into a 20 ml of schlenk flask equipped with a condenser was placed 
OPS (0.5 g, 0.484 mmol, -Ph, 3.87 mmol) followed by addition of 5 ml of carbon 

15 tetrachloride and Fe (0.0324 g, 0.580 mmol). While the mixture was refluxed under 
nitrogen, bromine (0.106 ml, 2.06 mmol) was slowly added and the mixture was 
refluxed for 1 h. Then Fe (0.0324 g, 0.580 mmol) and bromine (0.106 ml, 2.06 
mmol) was added and refluxed. After 1 h, Fe (0.0324 g, 0.580 mmol) and bromme 
(0.106 ml, 2.06 mmol) was added again and refluxed another 1 h. Fe (0.0108 g, 

20 0,144 mmol) was added and the mixture was heated for another 1 h. The mixture 
was washed twice with 10 ml of water with 1.0 ml of saturated NaHS03 after 
addition of 30 ml of ethylacetate. The organic layer was washed with brine and 
dried over l>l^^SO^ then condensed to 5 ml under reduced pressure. The white 
powder was obtained by reprecipitation into 100 ml of cold methanol and the 

25 foUowing filtration. Yield 0.54 g (0.324 mmol, 66.9%). Analytical data are in 
Table 1. 

Octabromophemlsilsesquioxane 
^H-NMR (CDCI3): 8.1-7.5 (m, 1.7H), 7.45 (5, l.OH), 7.3 (m, 0.47H) 
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"C-NMR (CDCI3): 140.5, 137.1, 135.8, 134.5, 133.8, 132.9,132.5, 

131.4, 129.9, 127.2, 126.5, 122.9, 121.3 

^''Si-NMR (THF, TMS, 

acetone-d6, ppm): -78.9, -80.4, -82.1, -83.5 

5 FT-IR (cm-^): 3070 (6C-H), 1580, 1446, 1357 (6C=C), 1143 (6Si- 

O) 

TGA (air/wt%/1000°C): 22.5 (cal. 28.9) 
TGA (Nj/wt^/lOOC'C): 

Elemental Analysis: %C: 27.3 (34.6) %H: 1.3 (1.9) 

10 GPC: Mn=846, Mw=852, Mw/Mn=1.01 

Example 4b 

SyntJiesis ofOctafbroinophenvDsilsesguioxane (OBrPS) 

Into 25 ml of schlenk flask equq)ped with a condenser was placed 
OPS (0.5 g, 0.484 mmol), -Ph 3.87 mmol) followed by addition of 5 ml of carbon 

15 tetrachloride. While the mixture was refluxed under nitrogen, bromine (0. 106 ml, 
2.06 mmol) was slowly added using a glass pipet and the mixture was refluxed for 
1 h. The procedure was repeated three times. The mixture was washed twice with 
10 ml of water with 1.0 ml of saturated NaHSOj after addition of 30 ml of 
ethylacetate. The organic layer was washed with brine and dried over Na2S04 then 

20 condensed to 5 ml under reduced pressure. The white powder was obtained by 
reprecipitation into 100 ml of cold methanol and the foUowing filtration. Yield 
0.418 g (0.404 mmol, 83.5%). Analytical data are in Table 1. 

Octabromopkemlsilsesquioxcme (recovered OPS onM 



^H-NMR (CDCI3): 7.44 (m, l.OH). 7.62 (m, 0.34H), 7.42-7.28 (m, 

25 1.9H) 

"C-NMR (CDCI3): 139.8, 134.2, 130.8, 127.9 

29Si-NMR (THF, TMS, 
acetone-d6, ppm): - 
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FT-IR (cm-'): 

TGA (air/wt%/1000°C): 

TGA (N2/wt%/1000°C): 

GPC: Mn=703, Mw=706, Mw/Mn=1.01 

5 Example 5 

Synthesis of Octa(aminophenvl)silsesquioxane (OAPS) Without Fe 

Into a 100 ml schlenk flask equipped with a condenser were placed 
ONPHS (2.0 g, 1.435 mmol, -NO^ 11.48 mmol) and 5 wt% Pd/C (244 mg, 0.115 
mmol). Distilled THF (20 ml) and trieliiylamine (16.0 ml, 114.8 mmol) were added 

10 to the mixture under nitrogen. The mixture was heated to 60 ""C and 85% formic 
acid (2.09 ml, 46.0 mmol) was added slowly at 60'*C under nitrogen with vigorous 
stirring with a magnetic stir bar. Carbon dioxide evolved with the addition of 
formic acid and the solution separated into two layers. After 5 h stirring, the THF 
layer was separated by decantation. 40 mi of THF was added to the black slurry and 

15 the solution separated previously were mixed and filtered through a fimnel equipped 
with a glass filter and celite filter reagent to remove the catalyst. The volume of the 
solution was then reduced to 20 ntil under reduced pressure and was put in a 
separatory funnel with 30 ml of water and 30 ml of ethyl acetate. The solution was 
washed 5x with 150 ml aliquots of water to remove triethylammonium formate and 

20 then washed with saturated aq. NaCl (30 ml). The organic layer was then dried 
over 1 g of Na2S04 and added dropwise to 300 ml of hexane. A slightly brown 
powder precipitated which was collected by filtration. The powder was then 
dissolved in 20 ml of THF and reprecipitated into 200 ml of hexane to remove 

■A 

remaining triethylamine. The obtained powder was dried under vacuum. Yield 
25 1.36 g (1.18 namol, recovery 82.1%). Chemical analysis, thermal and spectral data 
are listed in Table 1. 
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Octa (aminophemDsilsesquioxane 

'H-NMR (acetone-d6): 7.8-6.2 (m, 4.0H), 5.2-3.7 (m, 2.0H), 

^^C-NMR (acetone-d6): 154.0, 148.1, 136.6, 132.8, 129.3, 123.4,120.8, 

117.3, 115.8, 114.4 

5 ^^Si-NMR (THF, TMS, 

acetone-d6, ppm): -73.3, -77.4 

FT-IR(cm-'): 3380 (broad, 6N-H), 3050 (6C-H), 1623,1597, 

1485, 1441 (6C=C), 1130 (6Si=0) 

TGA (air/wt%/1000**C): 41.1 (cal. 41.7) 

10 TGA (N2/wt%/1000'=*C): 60.0 

Elemental Analysis: %C: 48.4 (45.0) %H: 4.2 (4.2) %N: 9.5 (9.7) 

GPC: Mn=1057, Mw=1133, Mw/Mn=1.07 

Example 6 

Synthesis of Octafpropylglvcidyletherdimethvlsiloxv)silsesquiom (OG) 

15 0.01 mol of octahydrido spacer cube is added to a IL round bottom 

three neck flask equipped with a stirring bar and a condenser. The flask is 
evacuated and refilled with nitrogen three times and heated to 90° C. Distilled 
toluene is added until all the powder is dissolved to give a clear solution. Allyl 
glydicyl ether in excess is then added to the flask followed by a catalytic amount of 

20 a 2.0 mM solution of dicylcopentadienyl platinum [Pt(dcp)]. Care is taken to 
release the pressure from the flask while the initial reaction is occurring; the heat 
generated from the reaction increases the local temperature and the solvent 
evaporates, building up the pressure. 
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Example 7 

Synthesis of Octa(sulfonylchlorophenyl)silsesquioxanes (OSCIPS) 

To a 25 ml schlenk flask was added chlorosulfonic acid (5.0 ml). 
The flask was then cooled to 0°C and OPS (0.5 g, 0.484 mmol, Ph 3.87 mmol) was 
5 added slowly under nitrogen flow. The mixture was stirred at O'^C for 2 h under 
nitrogen and added into ice water (10 ml). The product was extracted with 10 ml 
of ethyl acetate and dried over sodium sulfate. After condensing the volume to 5 
ml under pressure, the solution was precipitated into hexane (50 ml) and collected 
by filtration and dried under vacuum over night. Yield was 0. 147 g (conversion to 
10 sulfonylchlorophenyl group was calculated to be 62% based on TGA measurement 
in air. From this conversion degree, the yield was recalculated to be 45 %). 

Octa(sidfonylchloropheriyl)silsesquioxanes (O^'C. 2h) 

^H-NMR (acetone-d6): 8.6-7.0 (broad peak), 8.10 (/w), 7.92 (/w), 7.60 {m) 

^^C-NMR(acetone-d6): 145.0, 142.1, 136.7, 134.9, 132.5, 131.1,130.4, 
15 128.4, 127.7 

2^Si-NMR (THF, TMS, 
acetone-d6, ppm): 

FT-IR (cm-^): 3600 (broad, vO-H), 1382 (vS=0), 1185 (6Si-0) 

TGA (au:/wt%/1000^C): 34.0 (cal. 26.4) 
20 TGA (N2/wt%/1000°C): 

Elemental Analysis: %C: 31.8 (31.7) %H: 2.4 (1.8) 

GPC: Mn= 1 186, Mw= 1270, Mw/Mn= 1 .07 

Example 8 

Synthesis of Polvnitrophenvlsilsesquioxanes (PHPhS) 

25 To a 250 ml flask was added 33 ml of fuming nitric acid (90 wt%). 

Polyphenylsilsesquioxane (Gelest, Inc., product number SST-3p01) (PPhS, 5.5 g, 
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42.6 mmol) was then added slowly at O^C in air and the mixture was stirred at room 
temperature for 4 h. The solution was filtered through a glass filter and added 
drop wise into ice. The obtained slightly brown powder was washed with water until 
the filtrate became neutral and was air dried. The powder was farther washed with 
5 ethanol and dried in vacuum. The yield was (5.85 g). 

Synthesis of Nanocomposite Materials: 

Example 9 

Synthesis of N-phemlOAPS 

Tris(dibenzylideneacetone)dipalladium (0) 95.2 mg, 0.104 mmol) and 
10 2-(diphenyIphosphino)ferrocene (84.6 mg, 0.153 mmol) were placed in a 100 ml 
flask equipped with a condenser and dissolved in 40 ml of dry toluene. The mixture 
was stirred 15 min at room temperature xmder nitrogen. Bromobenzene (0.730 mo, 
6.93 mmol) was added to the mixture and stirred at room temperature under 
nitrogen another 15 min. To the mixture, OAPhS (0.50 g, 0.434 mmol, N:3.47 
15 mmol) and NaOtBu (0.666 g, 6.94 mmol) were added. The mixture was heated at 
80 ®C for 3 h. After cooling to room temperature, the mixture was filtered to 
remove undissolved salt and washed with 80 ml of buffer solution. The organic 
layer was dried over Na2S04 and mixed with 2 g of activated charcoal. After 
removal of charcoal, the toluene solution was added into 200 ml of hexane. The 
20 brown powder was collected by a filtration and dried under vacuum. Yield 0.371 
g, 38.1 %, (Yield was calculated assuming complete substitution). 

N'phenyl OAPS 

^H-NMR (CDCI3): 8.0-6.0 (m, 4H), 5.0-5.0 (broad singlet, 0.24H), 4.5- 

3,5 (broad singlet, 0.4H), 1.4-0.6 (broad singlet, 
25 0.76H) 

^^C-NMR (CDCI3): 142.7, 136.0, 131.8, 129.2, 126.6, 124.2,120.8, 

117.7 
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?^Si-.NMR (THF, TMS, 
acetone-d6, ppm): 

FT-IR (cm-^): 3400 (broad, vN-H), 3060, 2980 (vC-H), 1514, 1496, 

1398 and 1368 (6C=C), 1130 (6Si-0) 

5 TGA (air/wt%/1000^C): 
TGA (N2/wt%/1000^C): 

Elemental Analysis: %C: - %H: - %N: - 

GPC: Mn=1186, Mw = 1270, Mw/Mn=1.07 

Example 10 

10 Synthesis of Octa(phthalimdephen\l)silsesquioxane (OPIPS) 

To a 25 ml schlenk flask equipped with a condenser were placed 
GAPS (0.5 g, 0.433 mmol) and phthalic anhydride (1.642 g, 11.1 nmiol). The 
mixture was heated vmder nitrogen at 180^C for 2 h. At this temperature, the 
anhydride melted and the mixture formed a homogeneoiis brown solution. After 
15 cooling down to room temperature, the mixture was dissolved in 20 ml of 
dichloromethane and filtered. After removing the solvent under reduced pressure, 
the remaining phthaUc anhydride was removed by sublimation (0.6 mmHg, 130°C). 
Yield 0.702 g (0.320 mmol, recovery 73.9%). 

Octa (phthalimidephenvDsilsesquioxane 

20 'H-NMR (CDCI3): 8 .2-6.4 (broad peak) 

"C-NMR (CDCI3): 166.8, 137.0, 134.8, 131.5, 128.4, 123.3 

^Si-NMR (THF, TMS, 

acetone-d6, ppm): - 

FT-IR (cm-i): 3060 (6C-H), 1787, 1722 (6C=0), 1377 (6C-N), 

25 1115 (6Si-0) 

TGA (air/wt%/1000°C): 20.0 (21.9) 

TGA (N2/wt%/1000°Q: 
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Elemental Analysis: %C: - %H: ~ 

GPC: Mn=1673, Mw=1931, Mw/Mn=1.16 

Example 11 

Synthesis of Octa(rnaleimidpIieml)silsesquioxane (OMPIS) 

5 To a 25 ml schlenk flask equipped with a condenser was placed 

maleic anhydride (0.340 g, 3.46 mmol) in 2.5 ml of DMF, and OAPS (0.5 g, 0.433 
mmol) in 5.0 ml of DMF, was added under nitrogen at room temperature. The 
mixture was stirred at room temperature for 1 h under nitrogen. To the mixture, 
acetic anhydride (0.820 ml, 8.68 mmol) and triethylamine (0.071 ml, 0.868 mmol) 

10 were added. The mixture was then heated at 60®C for 3 h under nitrogen. After 
cooling down to room temperature, the mixture was mixed with ethyl acetate (10 
ml) and washed with water until the aqueous layer became neutral. The separated 
organic layer was dried over sodium sulfate (~1 g) and reprecipitated into hexane 
(100 ml). The powder was collected by filtration and dried under vacuum. Yield 

15 0.616 g (0.343 mmol, 79.1%). 

Octa (maleimidephemUsilsesquioxane 

^H-NMR (CDCI3): 8.2-6.8 (broad peak, 7H), 7.0 {s, 2H) 

^^C-NMR (CDCI3): 170.4, 165.6, 144.0, 135.3, 134.0, 132.6,129.7, 

126.7, 124.0 

20 ^^Si-NMR (THF, TMS, 

acetone-d6, ppm): -71.0, -79.3 

FT-IR(cm-^): 3082, 2934 (6C-H), 1800, 1719 (6C = 0), 1581, 

1554, 1484, 1425 (6C=C), 1380 (6C-N), 1136 (6S- 
O) 

25 TGA (au:/wt%/1000°C): 25.0 (26.8) 
TGA (N2/wt%/1000°C): 
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Elemental Analysis: %C: - %H: - %N: - 

GPC: Mn= 1648, Mw=2042, Mw/Mn= 1.24 

Exarnple 12 

Synthesis of Epoxide Nanocomvosite From OAPS and OG 

5 In formulating OAPS/OG composites, various molar ratios of NH2 

(in OAPS) to epoxy groups (in OG) ("N^) were employed, i.e. N=0.3, 0.5, 0.75, 
and 1. The procedure used is as follows: 

OAPS powder was weighed into a 20 ml glass vial containiag a 
magnetic stiirmg bar. THF (2 ml) was added to the vial and the OAPS dissolved 

10 completely on stirring. OG was then added to the solution and the mixture was 
stirred vigorously to give a homogeneous solution. The dark yellow solution was 
then transferred into the aluminum mold (30 mm x 13 mm x 30 mm) and THF was 
slowly evaporated under vacuimi at room temperature. The mixture was cured for 
24 h at room temperature under N2, followed by 6 h at 80°C and then 6 h at 150°C. 

15 The final sample was 30 mm x 13 mm x 3 mm in size. Rough sample edges were 
removed by polishing with SiC paper prior to DMA testing. 

Example 13 

Synthesis of Epoxide Nanocomposite From PotvAPS and OG 

In formulating PolyAPS/OG composites, a variable Phr was defined 
20 as parts of amine per hundred of epoxy resin by weight (a variable N was not used , 
because the exact structure of PolyAPS was not known and thus the exact ratio of 
NHji epoxy ring could not calculated). The Phr is the conventional variable in 
industry for ttie formvdation of general epoxy resins and amines. Compositions with 
phr values of 20, 35, 50, and 65 were prepared. PolyAPS/OG composites were 
25 prepared following the same method as in Example 11. The mixture of 
PolyAPS/OG m THF was a brown color compared with the yellow of OAPS/OG 
solution. The curing procedure for PolyAPS/OG was also the same as in Example 
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11. The final sample was 30 mm x 13 mm x 3 mm in size. Rough sample edges 
were removed by polishing with SIC paper prior to DMA testing. 

Example 14 

Synthesis of Epoxide Nanocomposite From OAPS and DGEBA 

5 As in Example 11, a variable N was used for the formulation of 

OAPS/DGEBA composites, at N=0.3, 0.5, 0.75, and 1. OAPS powder was 
weighted into a 20 ml glass vial containing a magnetic stirring bar. THF (2 mL) 
was added to the vial and the OAPS dissolved completely on stirring. DGEBA was 
then added to the solution and the mixture was stirred vigorously to give a 

10 homogeneous solution. The dark yellow, transparent solution was then transferred 
into the alimainum mold (30 mm x 13 nmi x 30 mm) preheated at 50°C. THF was 
slowly removed under vacumn at this temperature. The mixture was cured for 12 
h at 50^*0, then 6 h at lOO^C and finally 6 h at 150°C under nitrogen. The final 
sample was 30 mm x 13 mm x 3 mm in size. Rough sample edges were removed 

15 by polishing with SiC paper prior to DMA testing. 

Example 15 

Synthesis of Epoxide Nanocomposite From PolvAPS and DGEBA 

As in Example 12, a variable Phr was used for the formulation of 
PolyAPS/DGEBA, Phr =20, 35, 50 and 65. PolyAPS/DGEBA composites were 
20 prepared following the same method as in Example 12. The mixture of 
PolyAPS/DGEBA in THF was a brown color compared with the yellow of the 
OAPS/OG solution. Curing procedure for PolyAPS/DGEBA was also the same as 
in Example 12. The final sample was 30 mm x 13 mm x 3 nun in size. Rough 
sample edges were removed by polishing with SiC paper prior to DMA testing. 
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Example 16 

Synthesis ofPolvimide Nanocomposite From OAPS and Pvromellitic Dianhvdride (PMDA) 

To a l-methyl-2-pyrrolidone (NMP 1.9 ml) solution of OAPhS 
(0. 1 g) was added an NMP (1 .4 ml) solution of PMDA at 0°C under nitrogen. The 
5 mixture was stirred 3 min at the same temperature and added into an aluminum 
container. The mixture gelled immediately. The gel (amic acid gel) was then cured 
in a quartz tube under nitrogen at 130° C for 2 h and 350°C for 4 h. The ramp rate 
was 5°C/mm. The solid obtained was further dried at 150°C in vacuum for 2 h and 
was subjected to further analysis. 

10 Spectroscopic data, 

Polyimide Nanocomposite from OAPS and Pvromellitic Dianhvdride (PMDA): 

(Curing temperature SSO^^C) 

FT-IR(Cm-'): 3071 (6C-H), 1780, 1726(6C = 0), 1367 (6C-N), 

1120(6Si-O), 

15 TGA (Air/wt%/1000°C): 25.9 (25.5) 

TGA (N2/wt% 1000 °C): 75.6 

Thermal Properties of OAPS/PMDA Nanocomposites: 



Curing Temperature 


*rd(5) in air 


^Td(5) in 


*»C.Y. in air 


»>C.Y, inNj 


(«C) 










150 


325 


315 


22.7 


65.4 


200 


389 


362 


23.8 


68.3 


250 


478 


472 


26.0 


69.9 


300 


500 


511 


24.9 


71.2 


350 


528 


530 


25.9 


75.6 


400 


523 


538 


24.9 


73.0 



*Td(5) 5% mass loss tenq)erature C*C) 
C.Y. ceramic yield at 1000~C (%) 
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Example 17 

Synthesis ofPolyimide Resins From OAPS and 

5. 3\4A '-Benzophenonetetra-carboxvlicdianhvdride (BTDA ) 



Experimental: DMF (2.4 ml) solution of BTDA (0.224 g, 0.695 
5 mmol) was added to a DMF (0.8 ml) solution of OAPhS (0.2 g, 0.173 mmol, N: 
1.39 mmol) at room temperature. The mixture was added into an aluminum 
container and heated at 130°C for 2 h and 350 ""C for 4 h in nitrogen. The ramp rate 
was 5°C/min. 

Spectroscopic Data for OAPS /BTDA Nanocomposites: 

10 FT-IR (cm-^) 3070 (6C-H), 1785, 1727 (6C=0), 1374 (6C-N), 

1120 (6Si-0), 

TGA (air, wt% at 1000 ''C) 16.5 (20.9) 



Example 18 

Synthesis of Nanocomposites with Core-Shell Structure (Step 1) 

15 To a 25 ml schlenk flask equipped with a condenser, OBrPS (0.5 g, 

0.3 nmiol, Br: 1.40 mmol), were added octa(vinyldimethylsiloxy)silsesquioxane 
(8.84 g, 7.21 mmol), tetraethylammonium chloride (0.398 g, 2.40 mmol) 
dicyclohexyhnethylamine (0.772 nil, 3.60 mml) and paladium acetate (0.0108 g, 
0.0480 mmol) with dry A/;iV-dimethylacetamide (10 ml) under nitrogen. The 

20 mixture was heated at 100 °C imder nitrogen for 54 h. After cooled to room 
temperature, diethyl ether (10 ml) and water (10 ml) was added and the organic 
layer was separated by a separatory ftmnel and dried over sodium sulfate (-1 g). 
The solvent was removed under reduced pressure using a rotavapor. The product 
was purified by a silica column chromatography. The eluent was the mixture of 

25 hexane and ethyl acetate (starting from the ratio of 5 to 1 and 5 to 4 in volume). 
Yield 0.3 g (14.6%, FW=6589 based on ^H-NMR, the number of reacted bromo 
phenyl groups was 4.3 out of 8). The ceramic yield was calculated based on the 
conversion obtained by ^H-NMR. 
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Spectroscopic Data: 



3062, 2966 (6C-H), 1600, 1410 (6C=C), 1093 
(6Si-0), 



TGA (air/wt%/1000 ^C): 63:1 (70.0) 



5 TGA (N2/wt%/1000 °C): - 



GPC: 



Mn = 8918, Mw = 15344, PDI = 1.721 



Example 19 

Synthesis of Nanocomposites With Core-Shell Structure (Step 2) 



To a 25 ml schlenk flask equipped with a condenser were added the 



10 product from the step 1 (0.181 g, 0.0264 mmol, 0.793 vmyl groups), 
octa(hydrodunethylsiloxy)silsesquioxane (2.4 g, 2.38 mmol) and Pt(dcp) (4.0 mM 
toluene solution, 40 ^m, 1.6 x 10"^ mol) with 10 ml of distilled toluene under 
nitrogen. The nuxture was heated at 100 °C for 41 h under nitrogen. The excess 
amount of octa(hydrodimethylsiloxy)silsesquioxane was separated by 

15 recrystallization in toluene. The number of octa(hydrodimethylsiloxy)silsesquioxane 
uitroduced to the shell was estimated from the result of GPC (Mn), which was 3.5 
per the octa(vinyldhnethylsiloxy)silsesquioxane in the shell. 

Spectroscopic Data: 



FT=IR(cm-^): 



20 



TGA (air/wt%/1000 °C): - 



TGA (N2/wt%/1000 *^C): 



GPC: 



Mn = 24265, Mw = 37966, PDI = 1.565 
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Example 20 

Laver-b\'Laver Deposition of a Single Monolayer of the Silsesquioxanes 

Prior to layer deposition, silicon wafers and glass substrates were 
cleaned in a piranha solution (3:1 H2S04:H202) and rinsed with acetone, deionized 
5 water and methanol several times and dried over nitrogen flow. They were dipped 
in 5 vol % aminopropyltriethoxysilane (APTEOS) in toluene under nitrogen for 24 
h and then rinsed with toluene and acetone several times to remove residual 
APTEOS and the floatmg gel formed by APTEOS. 

APTMOS treated substrates were dipped in 10 wt% OG solution in 
10 toluene and dried in air flow. They were then cured at 150*^0 under nitrogen for 
24 h. After the curing, substrates were rinsed with boiling toluene and acetone 
several times to remove residual OG, 

After OG deposition, the substrates were dipped in 10 wt% OAPS 
and dried in flow. They were then cured at 150^*0 imder nitrogen for 24 h. After 
15 the curing, substrates were rinsed with boiling toluene and acetone several times to 
remove residual OAPS. 

Substrates were cleaned with acetone and alcohol extensively prior 
to measurement. About 50 pm of deionized water was dropped onto the surface and 
the vertical images of the substrate and the water was recorded with a video camera. 
20 The images right after the water dropping were taken and printed in still-mpde using 
a picture editing software. The contact angles were read as follows: 





Substrate 


Amine 
Layer 


OG Layer 


OA Layer 


Contact Angle 











Thermal Gravimetric Analysis (TGA): Thermal stabilities of 
materials under nitrogen were tested using a 2960 simultaneous DTA-TGA 
25 Instrument (TA Instruments, Inc., New Castle, DE). Small samples (15-25 mg) 
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were loaded in platinum pans and ramped to 1000 "^C under N2 at S^C/min. The N2 
flow rate was 60 ml/min. 

Dynamic Mechanical Analysis (DMA): Dynamic mechanical behavior 
of cured samples were studied using a TA Instruments 2980 dynamic mechanical 
5 analyzer (New Castle, DE). The cured samples were polished to 3.0 mm x 
12.0 mm X 3.0 mm and mounted on the single cantilever clamp. The mechanical 
properties were measured under nitrogen in step mode every 10°C at temperatures 
from -50 °C to 200 °C. Prior to each measurement, the furnace was kept at room 
temperature under nitrogen. 

10 Example 21 

Imide Film Formation Using a Solvent 

Octaaminophenylsilsesquioxane (OAPS) and pjnromellitic dianhydride 
(PDA) (mole ratio of NHj in OAPS: anhydride in PDA = 1:1, total Ig) are 
dissolved in 10 ml of NMP and the solution is cast onto a glass slide. The solvent 
15 is evaporated under mild conditions ( ~ 40*'C) for one day. When the film becomes 
stable, it is placed in 300 ml of water in beaker and sonicated. The film is carefully 
peeled off and dried at room temperature. Then, it is slowly heated to and kept at 
150°C for 4 h, and at SOO^'C for 2 h. Yellow to brown films (dependmg on time 
and thickness) are obtained. 

20 Example 22 

Copolyiimde Films 

Films obtained by example 21 are typically brittle but this can be 
reduced by co-imidization of OAPS and flexible linear amines. For example, 
octaaminophenylsilsesquioxane (OAPS), oxydianiline (ODA) and pyromellitic 
25 dianhydride (PDA) (mole ratio of NH2 in OAPS 4- ODA: anhydride in PDA = 
1:1, varying amount of ODA, total Ig) are dissolved in 10 ml of NMP and the 
solution is cast on to the glass slides. Following the same cure method described 
above, flexible dark yeUow films are obtained. 
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Example 23 

Synthesis and Processing oflmides by Melt Processins 

Octaaminophenylsilsesquioxane (OAPS) and the tetraester 
pyromellate (TEP) (mole ratio of NH2 in OAPS : ester in TEP = 1:2, total Ig) are 
5 weighed into a 20 ml vial and heated to 160° C until the TEP melts. The mixture 
is stirred until it becomes homogeneous. It is then cast onto a surface and kept for 
12h at the same temperature under nitrogen. It is further post cured at 300 ° C for 
another 4 h. Thicker films and cast shapes require longer times and slower heating 
rates. Fibers can be melt spun and either heated as they are drawn or in a post 
10 spinning process to fuUy cure. 

Example 24 
CopoMmides 

Octaaminophenylsilsesqizioxane (OAPS) and a linear diamine such as 
oxydianiline (ODA) and the tetraester pyromellate (TEP) (mole ratio of NHj in 

15 OAPS:ester in TEP = 1:2, total Ig) are weighed into a 20 ml vial and heated to 
160"* C until the TEP melts. The mixture is stirred until it becomes homogeneous. 
Then, it is cast on a surface and kept for 12h at the same temperature imder 
nitrogen. It is further post cured at 300 ° C for another 4 h. Thicker films and cast 
shapes require longer times and slower heating rates. Fibers can be melt spun and 

20 either heated as they are drawn or in a post spinning process to fully cure. 

Example 25 

Synthesis of Octa(acet\lp}2enyl)silsesqiuoxane (AcOPS) 

To a 500 ml schlenk flask xmder nitrogen gas, was placed of 
aluminum chloride (16.80g,126 mmol) with 100 ml of CH2CI2 and 100 ml of CS2 
25 Acetyl chloride (8.26 ml, 1 16 nmiol) was then added via syringe. The mixture was 
stirred at 0 ""C under nitrogen for 15 min. OPS (lOg, 9.76 mmol, -Ph 78.1 mmol) 
was then added to the mixture with stirring and the solution was stirred at 0 for 
5h. To quench the reaction, 50 g of ice was added and the organic layer was 
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extracted with 200 ml ethyl acetate. The organic layer was washed with water until 
the aqueous layer became pH = — 7 and dried over sodium sulfate. The solvents 
were removed by rotoevaporation and 100 ml ethyl acetate added to the flask. The 
resulting suspension was filtered through a 1 cm Celite colunm. The yellow filtrate 
5 was then set aside, and the undissolved powder was dissolved in 100ml CH2CI2 and 
passed through the column. The CH2CI2 layer was reduced by rotoevaporation to 
20 ml, and precipitated dropwise into 750 ml of hexanes, which resulted in a white 
powder. The powder was collected by filtration, washed with hexane, and dried in 
vacuo. Yield 6.25g (47.2 %), 100% acylated (by ^H-NMR), metalpara = 86/14 
10 (by ^H-NMR). The ethyl acetate filtrate can also be reduced to —20 ml and 
precipitated into 750 ml hexanes. After filtration and drying, this resulted in 5.54g 
(42.7 %) of off-white powder, 92% acylated (by ^H-NMR). 

Example 26 

Synthesis ofOctafa.a-dibromoacetvlphenyDsilsesquioxane fBr-AcOPS) 

15 To a 25 ml schlenk flask under nitrogen gas was placed AcOPS 

(.150g, .876 mmol COCH3) and 3 ml CH2CI2. Bromine (.462g, 2.89 mmol) was 
added dropwise to the solution. A vigorous exothermic reaction normally results. 
If flie reaction does not start on its own, gentle heating may be required to start the 
reaction, which then proceeds on its own. After 30 minutes, the solution was added 

20 to 10 ml CH2CI2 in a separatory funnel, washed with 10% NaHSOg twice (to remove 
excess Bx^), and water three times. The CH2CI2 layer was dried over sodium sulfate 
and then rotovapped to dryness. The material was dissolved in 3 ml CH2CI2 and 
precipitated into 75ml hexane. The product was collected by filtration and dried in 
vacuo. Yield .237g (82.2%). Characterization: IR 1704 (n c=o); NMR (CDCI3) 

25 d 6.55 (s, IH, CBi^B); TGA 19.3% (calc'd 18.3%) 

Example 27 

Synthesis of Polvfacetvlphenvlisilsesquioxane (AcPPS) 

To a 50 ml schlenk flask imder nitrogen gas, was placed of aluminum 
chloride (.838g, 6.3 mmol) with 5 ml of CH2CI2 and 5 ml of CS2. Acetyl chloride 
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(.413 ml, 5.8 mmol) was then added via syringe. The mixture was stirred at O'C 
mider nitrogen for 15 min. PPS (.5g, .484 mmol, -Ph 3,87 mmol) was then added 
to the mixture with stirring and the solution was stirred at 0 for 5h. To quench 
the reaction, 20 g of ice was added and the organic layer was extracted with 50 ml 
5 ethyl acetate. The organic layer was washed with water three times, dried over 
Na2S04, and passed through a 1 cm Celite column. After reduction by 
rotoevaporation to 5 ml, the yellow solution was precipitated into 75 ml hexane. 
Yield .338g (52.3%) 

Polyphenylsilsesquioxane can be acylated under the optimized 
10 conditions for OPS in moderate yields. Conversion of phenyl to acetylphenyl is 
90% (as per IH-NMR). It is interesting to note that the polydispersity and 
molecular weight of the PPS decreases significantly upon acylation. This 
phenomenon was also observed upon nitration of PPS, and can be explained by the 
cleavage of Si-O-Si bridges and subsequent rearrangement during the acidic 
15 synthesis and work-up. 

Example 28 

Synthesis of Octa(/-butyrl-phenyl)silsesquioxane (iButOPS): To a 50 
ml schlenk flask under nitrogen gas^ was placed of alunainum chloride (.838g, 6.3 
mmol) with 5 ml of CH2CI2 and 5 ml of CS2. Iso-hutytl chloride (.630 ml, 5.8 

20 mmol) was then added via syringe. OPS (.5g, .488 mmol, -Ph 3.9 mmol) was then 
added to the mixture with stirring and the solution was stirred at reflux for lOh. To 
quench the reaction, 5 g of ice was added and the organic layer was extracted with 
50 ml CH2CI2. The organic layer was washed with water until the aqueous layer 
became pH = -7 and dried over sodium sulfate. The solvents were removed by 

25 rotoevaporation and 50 ml CH2CI2 added to the flask. The resulting liquid was 
filtered through a 1 cm Celite column. The solution was reduced to — 10 ml, and 
precipitated dropwise into 100 ml of hexanes, which resulted in a white powder. 
The powder was collected by filtration, washed with hexane, and dried in vacuo. 
Yield .477g (68 yield%), 75% conversion to Ph-COC(CH3)2H(by 'H-NMR). 
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Example 29 

Synthesis of Octa(ethyIphenyZ)silsesquioxaiie (/ButOPS): To a 50 ml 
schlenk flask under nitrogen gas, was placed of aluminum chloride (.838g, 6.3 
mmol) with 5 ml of CH2CI2 and 5 ml of CS2. Ethyl chloroformate (.555 ml, 5.8 
5 mmol) was then added via syringe. OPS (,5g, .488 mmol, -Ph 3.9 mmol) was then 
added to the mixture with stirring and the solution was stirred at reflux for Ih. To 
quench the reaction, 5 g of ice was added and the organic layer was extracted with 
50 ml CH2CI2. The organic layer was washed with water until the aqueous layer 
became pH = — 7 and dried over sodium sulfate. The solvents were removed by 
10 rotoevaporation and 50 ml CHjClj added to the flask. The resulting liquid was 
filtered through a 1 cm Celite column. The solution was reduced to ^ 10 ml, and 
precipitated dropwise into 100 ml of hexanes, which resulted in a white powder. 
The powder was collected by filtration, washed with hexane, and dried in vacuo. 
Yield .397g (69 yield%), 70% conversion to Ph-CH^CHs (by ^H-NMR). 

15 While embodiments of the invention have been illustrated and 

described, it is not intended that these embodiments illustrate and describe all 
possible forms of flie invention. Rather, the words used in the specification are 
words of description rather than limitation, and it is understood that various changes 
may be made without departing from the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 



1 1. A fimctionalized silsesquioxane nanoparticle having a 

2 maximum dimension of less than 100 nm, comprising a silsesquioxane 

3 macromonomer containing niiriimally 6 and preferably up to 24 silicon atoms, and 

4 comprised of in excess of 67 mol percent RSi03/2 moieties, wherein R is a phenyl 

5 group or a phenyl group bearing one or more reactive functional groups, or an 

6 oligomer or polymer of said macromonomer linked through Si-O-Si bonds, wherein 

7 at least one of said phenyl groups bears a reactive functional group. 

1 2. A method of preparing the fimctionalized silsesquioxane 

2 macromonomers of claim 1, said method comprising providing a phenyl-substituted 

3 silsesquioxane and substituting phenyl group(s) of said phenyl-substituted 

4 silsesquioxane with a reactive functional group or precursor thereof. 

1 3. The method of claim 2, comprising nitrating phenyl groups 

2 of said phenyl-substituted silsesquioxane to form a nitrophenyl-substituted 

3 silsesquioxane followed by reducing the nitrophenyl groups to aminophenyl groups 

4 to form an aminophenyl-substituted silsesquioxane. 

1 4. The method of claim 2, wherein said phenyl-substituted 

2 silsesquioxane is fimctionalized by electrophilic substitution of a functional group 

3 or precursor thereof for a ring hydrogen of the phenyl substituents. 

1 5 . The method of claims 2 to 4 wherein said reactive functional 

2 group is selected from the group consisting of halo, amino, imino, epoxy, 

3 carboxylic acid, carbonyl chloride, carbonate, isocyanate, cyanate, maleimide, 

4 ethylenic unsaturation, ethylynic unsaturation, hydroxyl, acyl, hydroxyalkyl, and 

5 sulfonyl. 

1 6. The fimctionalized silsequioxane of any claims 1-5 wherein 

2 said silsesquioxane nanoparticle has a cage stmcture and contains 6 to 24 and 

3 preferably 8 reactive functional groups. 
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1 7. A nanocomposite material containing the functionalized 

2 silsesquioxane macromonomer of claim 1 or a functionalized silsesquioxane 

3 macromonomer prepared by the method of any of claims 2 to 9, or Si-O-Si linked 

4 oligomers or polymers thereof. 

1 8. The nanocomposite material of claim 7 comprising a 

2 multilayer stracture, said multilayer stmcture comprising layers of the functionalized 

3 silsesquioxane of claim 1 or of functionalized silsesquioxanes prepared by the 

4 process of any of claims 2 to 9, or Si-O-Si linked oligomers or polymers thereof. 

1 9. The nanocomposite material of claims 7 or 8 wherein 

2 alternating layers of functionalized silsesquioxanes are chemically bonded by means 

3 of di-or polyfunctional spacer molecules, 

1 10. The nanocomposite material of claim 9 wherein said spacer 

2 molecules comprise a non-phenyl substituted, functionalized silsesquioxane 

3 macromonomer, preferably an octakis (epoxyalkyl) silsesquioxane. 

1 11. The nanocomposite material of any of claims 7 to 10 which 

2 have a core/shell structure. 

1 12. The nanocomposite material of claim 7 comprising the 

2 functionalized silsesquioxane of claim 1 or the functionalized silsesquioxanes 

3 prepared by the process of any of claims 2 to 9 or Si-O-Si linked oligomers or 

4 polymers thereof as a dispersed phase, chemically bonded to a continuous thermoset 

5 or thermoplastic polymer matrix. 

1 13. The functionalized silsesquioxane of claim 1, selected from 

2 the group of octakis(aminophenyl)silsesquioxane, octakis(N- 

3 maleimidoaminophenyl)silsesquioxane, octakis(acetylphenyl)silsesquioxane, and 

4 octakis-(bromophenylsilsesquioxane) . 
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1 14. The use of the nanoparticles of claim 1 or the fimctionalized 

2 phenylsilsesquioxanes prepared by the method of claims 2 to 6 as Imninescent 

3 nanocomposites for display applications; nanocomposite porous media for filtration, 

4 sieving, trapping or concentrating of materials; nanocomposites which are 

5 electrically conductive; nanocomposites which exhibit high strength and thermal 

6 stability; and nanocomposites which are flame resistant. 



1 15. In a process for the preparation of a fimctionalized 

2 silsesquioxane wherein a silica source is converted to polyanionic form employing 

3 a quaternary ammonium hydroxide, followed by reaction with a 

4 hydridoalkylchlorosilane to form a silsesquioxane bearing hydridosilyl-fimctional 

5 reactive groups, and optionally employing said silsesquioxane bearing hydridosilyl- 

6 functional reactive groups to hydrosilylate an unsaturated organic compound, the 

7 improvement comprising selecting as the silica soxurce a silica source obtained from 

8 the combustion or calcination of silica-containing natural products. 

1 16. The process of claim 15 wherein said silica source is one or 

2 more of fly ash or rice hull ash. 
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The University Of Michigan 

Robert A. Kasdin 
EXEcimvE VICE pREsroeisrr 

AND CHIEF FINANCIAL OFFICER 



3014 FLEMINC ADK^NBTKATION BUILDING 

503 THOMPSON STREET 

ANN ARBOR, MKMCAN 48109-1340 

734 764-7272 FAX 734 936-8730 



July 1,2001 

Ms. Elaine L. Brock Mr. Kenneth J. Nisbet 

S!?*°fe u ,r^«r ^ ^ Director, Technology Management Ofice 

Medical School Office for Technology Transfer The University of Michigan 

and Coqjorate Research Ann Aibor, MI 48 109 
The University of Michigan 
Ann Arbor, MI 48109 

Mr. Marvin G. Fames 

Associate Vice President for Research & 

Executive Director 

Division of Research Development & 

Administration 

The University of Michigan 

Ann Arbor. MI 48109 

RE: Delegation of Authority to Sign University Documents fiom the Executive Vice President and 
Chief Fmancial Officer 

Dear Ms. Brock, Mr. Nisbet & Mi-. Fames: 

This delegation of authority to sign University documents supersedes all prior delegations to you 
concermng the subject matter of this letter and is effective for the period July 1, 2001 through June 30. 
2002.= Delegations of authority to sign University documents wiU be renewed on an annual basis. 

Pursuant to the authority given to me by section 2.05 and 3.01 of the Regents' Bylaws, as 
amended, I hereby delegate to you the authority to execute on behalf of the Regents of the University all 
agreanents and documents related to commercialization of intellectual properties mcluding but not 
limited to the filmg, prosecution and maintenance of United States and foreign patents, as described in 
numbered section (2) of the Regents policy entitied "Policy on IhteUectual Properties: Including Their 
Disclosure, Commercialization, and Distribution of Revenues From Royalties and Sale of Equity 
Interests" as follows: ^ ^ 

<2) Options for Commercialization 
(a) Licensing Third Parties 

The University may license University-generated intellectual properties to 
external entities for further development and commercialization in exchange for a return 
on resulting revenues. The University wiU bear tiie costs of licensing tiie intellectual 
property. 
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If the University decides not to protect or license the intellectual property, it may 
be reassigned to the inventor(s) upon request, in accordance with option (c) below. 

(b) Licensing EmpIoyee*Inventor Owned Companies 

The University may enter into license agreements with employee-inventor owned 
companies. Such licenses will be comparable to those negotiated with unrelated third 
party licensees. The terms may be include royalty pa3mient, equity interest, or a 
combination thereof, as consideration to the University for the license. The emphasis in 
structuring license agreements with start-up companies will be on helping the company 
become viable. Where the inventor-employee chooses to accept the expense and risk of 
protecting and marketing the technology in lieu of using the University's resources and 
services to do so, terms which reflect the inventor's increased acceptance of responsibility 
can be accepted by the University. 

(c) Reassignment of Ownership to Inventors 

Subject to the provisions described in Section 3 (of this policy statement), the 
University may reassign its ownership of an intellectual property to invCTtor(s) if the 
inventor(s) elect to market, protect and license it on their own with mmim^l University 
involvement or if the University decides not to protect or license it. Noraially, where the 
inventor desires to commercialize via a business in which the inventor holds a financial or 
management interest, the option described in (b) above would be used. 

The return to the University for reassignment of ownership will consist of 
recovery of any University patent and licensing expenses plus 15% of royalties, equity or 
oflier value received by the inventor(s) through subsequent licensing or reassignmOTt 

In exceptional cases, in order to benefit the University, the Vice President for 
Research may make modifications in this rate of return for reassignment of ownership. 

As to Mr. Fames, only, you may subdelegate this authority to other responsible members of your 
staff in your absence. If there is further subdelegation, it must be made in writing. It will be necessary 
for you to renew such subdelegation annually in writing and to inform me by a written conmiunication 
to whom such subdelegation is made. 

This delegation shall remain in fixll force and efiFect for the above specified period until revoked 
by me or my successor in writing, by action of the Board of Regents, or by termination of your 
University of Michigan employment 



Sincerely, 




THIS PAGE BUMK(usPTo> 



4 



PATENT COOPERATION TREATY 



From the RECEIVING OFFICE 



To: 

WILLIAM G. CONGER 
BROOKS & KUSHMAN 
1000 TOWN CENTER 
TWENTY-SECOND FLOOR 
SOLTTHFIELD, MICHIGAN 48075 


PCX 

NOnnCATION CONCERNING PAYMENT 
OF PRESCRIBED FEES 

(PCT Rules 14, 15 and 16 and Administrative 
Instructions, Sections 304(a) and (b) and 323(b)) 


Date of mailing 

(dayfrnonOifytar) 1 1 Sep 2002 


Applicant's or agent's fUe reference 

UOM0218PCT 


PAYMENT DUE 

see item 3 for time limits 


International application No. International filing date/Date of receipt (day/ 

PCT/US01/48451 "^"^r) 29 Oct 2001 


Priority date (dtxy/motUh/year) 
27 Oct 2000 


Applicant 

THE REGENTS OF THE UNIVERSITY OF MICHIGAN 



1 . The applicant is hereby notified that this receiving Office has received: 

I X I the payment of all the prescribed fees, and | | an overpayment, which will be refunded in due course. 

I I no or Insufficient payment of the prescribed fees and the applicant is hereby invited to pay the balance due, as 
' summarized under item 2, within the time limit(8) indicated under item 3. 



2. Fees and payment calculation: 
2.173.00 



2,173.00 



0.00 



. Total fees payable Amount paid 

I I The details of the calculation are given in the Annex. 

3. Time limit(s) for payment and amount(s) payable (Rules 14.1, 15.4 and 16.1(f)): 



Balance 



□ 
□ 

□ 



within ONE MONTH fiom the date of receipt of the international application (for the transmittal fee (if any), the search 
fee, the basic fee and the dcstgnatkm fee). The amount payable for each fee is the amount applicable on the date of receipt 
of the international application. 

within ONE YEAR from the priority date (only for the designation fee and only if diis time limit expires later than the 

above time limit). 

— If the designation fee is paid within one month fiom the date of receipt of die international application, the amoimt 
payable is the amount applic^le on that date of receipt 

— If the designation fee is paid within one 7ear fiom the priority date but later than one month fiom the date of receipt of 
the international application, the amount payable is the amount applicable on the date of payment The receiving Office 
should be consulted for the applicable amount. 

within 1 6 MONTHS from the priority date (only for the fee for priority document). The applicant* s attention is drawn to the 
fact that the request made by the applicant under Rule 17.1(b) will be considered not to have been made unless die fee is paid 
within that time limit 



4. Additional observations C^f necessary): 

□ 



The search copy will not be transmitted to the International Searching Authority until die search fee is paid (therefore the 
start of the international search will be delayed) (Rule 23.1(a) and (b)). 



Name and mailing address of the receiving Office 

Assistant Commissioner for Patent, Box PCT 
Washington, D.C. 20231 AttnrROAJS 
FacsimUeNo, 703-305-3230 



Authorized officer 

Kendra Dimlap 

Telephone No. 703-305-3694 



Fomi PCT/RO/102 (January 1999; reprint Januaiy 2000) 



4 # 
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ANNEX TO FORM PCT/RO/102 
CALCULATION OF THE PRESCRIBED FEES 



International application No. 

PCT/US01/48451 



[tI Transmittal Fee 

Prescribed amount 

Amount paid: - 

Balance: • ' , , . . « 

[sl Search Fee 

Prescribed amount 

Amount paid: - 

Balance: « 

m International Fee 
[b| Basic Fee 

Fixed amount for first 30 sheets: 382.00 ^ 

Amount per additional sheet: ^'^^ 

Numberofadditional sheets: X = 198.00 p 

Prescribed amount (bl + b2) » 

fol Designation Fee 

82 00 

Amount of designation fee: ; . . 

Number of designation fees 

payable (maximum 6): x ^ 

Prescribed amount = 

IrI Reduction where PCT-EASY software is used 

(See the PCT Applicant's Guide, Volume!, General Part Jor details 
on the avaUability of this reduction): - 

Sub-total (B+D-R): ^ 

Prescribed total amount (The amount to he entered at I tt the sub-total 
entered at (B-^D-R), except where the applicant is (or all applicants are) 
entitled to a reduction of 75%, in which case the amount to be entered 
at I is 25% of the sub-total (B-^D-R): certain applicants from certain 
States are entitled to a reduction of 75% of the international fee; see 
Notes to the Fee Calculation Sheet as annexed to the Request Form, 
PCT/ROmifor detaUs): = 

Amount paid: 

Balance: . . s 

fpl Fee for priority document 

Prescribed amount 

Amount paid: - 

Balance: » 



240.00 
240.00 



0.00 



846.00 
848.00 



0.00 



n?l correct amount 
I I overpayment 
|~| balance due 



[3 correct amoimt 
I I overpayment 
n balance due 



580.00 (b] 



492.00 fp] 



0.00 



m 



^'Q72.oopg:;p:^ 



1.072.00 



m 



1,072.00 



0.00 



15.00 



IS 



15.00 



0.00 



1x1 correct amoimt 
|~] overpayment 
n balance due 



pn correct amount 
n overpayment 
n balance due 



Additional observations (if necessary) 

I I The amount paid for the designation fee covers the following designations: 
n Other (specify) : 



Form PCT/RO/102 (Annex) (Januaiy 2000) 
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PATENT COOPERATION TREATY 



From the RECEIVING OFFICE 



To: 

WILLIAM G. CONGER 
BROOKS & KUSHMAN 
1000 TOWN CENTER 
TWENTY-SECOND FLOOR 
SOUTHFIELD. MICHIGAN 48075 


PCX 

NOTIFICATION OF THE INTERNATIONAL 
APPLICATION NUMBER AND OF THE 
INTERNATIONAL FILING DATE 

(PCT Rule 20.5(c)) 


Date of mailing _ 
(day/monthfyear) 1 1 Sep 2002 


Applicant's or agent's file reference 

UOM0218PCT 


IMPORTANT NOTIFICATION 


International application No. Intemational Hling dale (day/month/year) Priority date (day/month/year) 
PCT/US01/48451 29 Od 2001 27 Oct 2000 


Applicant 

THE REGENTS OF THE UNIVERSITY OF MICHIGAN 


Title of the invention 

WELL-OEFUMED NANOSiZEO BUILDING BLOCKS FOR ORGANIC/INORGANIC NANOCOMPOSITES 



1 . The appl icanl is hereby notided that the intemalional application has been accorded the intemalionaJ applicationnumber and the 
lalemational niingdateindicaledabove. 



2. The applicant is further notified that (herecord copy ofthe international application: 

11 Sep 2002 



\X\ was transmitted to the International Bureau on 

I I has notyet been transmitted to the International Bureau for the reason indicated below and aoopyofthis notification 
has been sent to the International Bureau*: 

I I becausethenecessarynationalsecurityclearancehasnotyelbeenobtalned. 

I I hcca3asc(reasonmbespeetfiedy. 



* ThelntemationalBureaumonitorsthetransmittal ofdiereoordcopy bythereceivingOfliceand wilinotily theapplicant(%vith 
Form PCT/IB/301)oritsroceipL Should IhereoonlcopyTiothavebeenreoelved by theexpirationori4 months liomthepriority 
date, the International Bureau will notily the applicant(Rule ij 1 (c)). 



FOREIGN TRANSMITTAL LICENSE INFORMATION Completed by: KD 



□ Additional license for foreign uwianittal not required. This subject mauer is covered by a license already granted or 
the equivalent U.S. national application. Refer to that license for infonnation concerning its scope. 

□ License for foreign transmittal not required. 37 CFR 5.1 l(eXI) or 37 CFR 5.1 1(eK2). However, a license may be 
required for additional subject matter. See 37 CFR 5. 1 5(b). 

S06 Sep 2002 
Foreign u:ansmittal lioea<;e granted. 35 U.S.C. 1 84; 37 CFR 5.1 1 on 

[Z] 37 CFR 5.15(a) □ 37 CFR 5.15(b) 



(date) 



Name and mailing address of the receiving Oflice 
Assistant Conunissioner for Patent, Box PCT 
Washington, D.C. 20231 Atm:RO/US 

Facsimile No. 703-30&-3230 



Authorized olficcr 

Kendra Dunlap 

Telephone No. 703-30S>3694 



Form PCT/RO/105 (July 1992) 
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PATENT COOPERATION TREATY 

From the RECEIVING OFFICE 



To: 

WILLIAM G. CONGER 
BROOKS & KUSHMAN 
1000 TOWN CENTER 
TWENTY-SECOND FLOOR 
SOUTHFIELD. MICHIGAN 48075 


PCX 

INVITATION TO CORRECT DEFECTS IN 
THF IIMTPRTOATIOK] At A DDI ir'ATir^XI* 

(PCT Articles 3(4X0 and 14(1) and Rule 26) 


Date of nulling 

(day/month/y€ar) 1 1 Sep 2002 


Applicant's or agent's file reference 

UOM0218PCT 


REPLYDUE ^^hin 1 months/Aiya 
Trom the above date ormailing 


International application No. 

PCT/US01/48451 


International Hling date 

(day^motOifyear) 29 Oct 2001 


Applicant 

THE REGENTS OF THE UNIVERSITY OF MICHIGAN 



1 . The applicant is hereby invited, within the time limit indicated above, to correa the defects in the International applica- 
tion as filed, the defects specified on the attached 

Annex A 

Annex Bl (text matter of die international application as flletQ 
Annex CI (drawings of the international application as filed) 

2. The applicant is hereby invited, within the time limit indicated above, to correct the defects in the traulatioa of the 
international application furnished under Rule 123, the defects speciHed on the attached 

Annex A 

Annex B2 (text matter of the translation of the international implication) 
Annex C2 (drawings of the translation of the international application) 

Additional observations (if necessary): 



HOW TO CORRECT THE DEFECTS? 

Convction must be submitted by filing a replacanent sheet embodying the correction and a letteraccompanying the replacement 
sheet, which shall draw aucntion to the dinerence between the replaced sheet and the replacement sheet A conredion may be 
simed in a letter only if it is of such a nature that it can be transferred from the letter to the record copy without adversely 
alTecting the clarity and direct reproducibility of the sheet onto which the correaion is to be transferred (Rule 26.4(a)). 

ATTENTION 

Failure to correct the defeas will result in the international application being considered withdrawn by this receiving OHice 
(see Rule 26.5 for further details). 



A copy of this invitation and any attachments has been sent to the International Bureau 
|y| and the International Searching Authority. 



Name and niailing address of the receiving Ofiice 
Assistant Commissioner for Patent, Box PCT 
Washington. D.C. 20231 Attn:RO/US 


Authorized olllcer 

Kendra Dunl^ 


Facsimile No. 703-305-3230 


Telephone No; 703-305-3694 



FonnPCT/RO/l06 (July 1998) 
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ANNEX A TO FORM PCT/RO/106 



Intemalional applicalion No. 

PCT/US01/48451 



The receiving Office has found the following defects in the International application as filed: 



1 . As lo signature* of the intemalional applicaiton (Rules 4. 1 5 and 90.4), Ihe request: 

a. [x] isnolsigned; 

b. 1^ is noi signed by all applicants. 

c. Q is not accompan ied by the siaiement referred to in the check lisi in Box No. VIII of ihc request explaining ihe lack 

of the signature of an applicant for the designation of Ihe United Stales of America, 
is signed by what appears to be art ageni/comxnon representative but 

I I the international application is not accompanied by a power ofaitomeyappoinUng him. 

LJ the power of attorney accompanying the international application was not signed by all the applicants, 
e. Q other {specify): 



* All applicants must sign, including inventors if they arc also applicants (eg. where the United States of America is designated). 



2. As to indications concerning the appl leant, the request (Rules 4.4 and 4.5): 
a. does not properiy indicate the applicant's name {specify)'. 



b. Q does not indicate the applicant's address. 

c. Q does not properly indicate the appl icant's address {specify): 



d. doesnotindicaletheapplicant'snationality. 

e. Q does not indicate the applicant's residence. 

f. □ other {specify): 



3. As to the language of certain elements of the international application, other than the description and claims ( Rules 1 2. 1 (c) and 
2(i3ter(a) and (c)): 

a. the request is not in a language which is both a language accepted by this receiving Office and a language of publication, 
which i5(are): 



b. the text matter of the drawings is not in the language in which the international application is to be published, which is: 

c. the abstract is not in the language in which the international application is to be published, which is: 



4. The title of the invention: 

a. I I is not indicated in Box No. I of the request (Rule 4. 1 (a)). 

b. I I is not indicated at the top of the first sheet of the description (Rule 5- 1 (a)). 

c. Q as appearing in Box No. I of the request is not identical with the title heading the description (Rule 5. !(&))• 



S. As to the abstract (Rule 8): 

I I the international application does not contain an abstraa. 



Fonn PCT/RO/1 06 (Annex A) (July 1 998) 
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REQUEST 



The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 
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~mm, Eor receiving Qifige use„onlx..-rr- 



inn/OS ti7 48 45 1 

International Application No. 



Cp^. o I ^ 290CT 200T 



International Filing Date 



PCT INTERNATIONAL 

aAER]J(^IIflJ^Q^ Application" 



replicant's or agent's file reference uoM021 8PCT 
I (if desired) (12 characters maximum) 



Box No. I TITLE OF INVENTION r.^^.-rr-rs 
WELL-DEFINED NANOSI2ED BUILDING BLOCKS FOR ORGANIC/INORGANIC NANOCOMPOSITES 



Box No. n 



Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated m this 
Box is the applicant's State (that is, country) of residence if no State of residence is indicated below.) 

THE REGENTS OF THE UNIVERSITY OF MICHIGAN 

3003 S. State Street 

Ann Arbor, Michigan 48109 

United States of America 



State (that is, country) of nationality: 
United States of America 



APPLICANT 



j I This person is also inventor. 



Telephone No. 
(734) 764-4290 



Facisimile No. 
(734) 936-1330 



Teleprinter No. 



State (that is, country) of residence: 
United States of America 



Box No, m FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



Name and address: (Fami/;^ name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated m this 
Box is the applicant's State (that is. country) of residence if no State of residence is indicated below.) 

LAINE, Richard M. 
2101 Hayward Street 
Ann Arbor. Michigan 48109-2136 
United States of America 



This person is: 

j I applicant only 

applicant and inventor 



I I inventor only (If this check-box 
15 marked, do not fill in below.) 



State (that is, country) of residence: 
United States of America 



State (that is. country) of nationality: 

United States of A merica ^ 



Xl Further applicants and/or (further) inventors are indicated on a continuation sheet. 



Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The person identified below is hereby/has been appointed to act on behalf 
of the applicant(s) before the competent International Authorities as: 



agent |~1 common representative 



Name and address: (Family name followed by given name; for a legal entity, M o£'^f 
designation. The address must include postal code and name of country.) 

CONGER, William G. 
Brooks & Kushman 
1000 Tov\/n Center 
Twenty-Second Floor 
Southfield, Michigan 48075 
United States of America 



Telephone No. 
(248) 358-4400 



Facsimile No. 
(248) 358-3351 



Teleprinter No. 



□ 



Address for corre spondence: Mark this check-box where no agent or common representative is/has been appointed and the 
: above is used instead to indicate a special address to which correspondence should be sent. 



Form PCT/RO/101 (first sheet) (July 1998; reprint January 2001) 



LegalStar 2001. Fom PCTREQ 



See Notes to the request form 
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Continuation of Box No. HI FURTHER APPLICANTS AND/OR (FURTHER) INVENTOR(S) 



If none of the following sub-boxes is used, this sheet is not to be included in the request 



Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is. country) of residence if no State of residence is indicated below,) 

TAMAKI, Ryo 
2300 Hayward Street 
Ann Arbor, Michigan 48109 
United States of America 



This person is: 

I I applicant only 

applicant and inventor 



I I inventor only (If this check-box 
is marked, do not Jill in below,) 



State (that is, country) of nationality: 
United States of America 


State (that is, country) of 
United States of Ameri( 


residence: 
::a 


This person is applicant \~\ all designated 1 1 all desienated States except 
for the purposes of: 1 1 States 1 1 the United States of Amenca 


theU 
of An 


nited States I 1 the States indicated in 
lerica only 1 1 the Supplemental Box 



Name and address:^am/7y name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is, country) of residence if no State of residence is indicated below.) 

CHOI, Jlwon 

15100 Plymouth Road, #57 
Ann Arbor, Michigan 48105 
United States of America 



This person is: 

I I applicant only 

applicant and inventor 



I I inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is, country) of nationality: 
United States of America 


State (that is, country) of 
United States of Amerii 


residence: 
za 


This person is applicant | 1 all designated 1 1 all designated States except 
for the purposes of: 1 1 States 1 1 the Umted States of America 




theU 
of An 


nited States | 1 the States indicated in 
lerica only 1 1 the Supplemental Box 



Name and addlCSS:(Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is, country) of residence if no State of residence is indicated below.) 



This person is: 

I I applicant only 

I I applicant and inventor 

I I inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is, country) of nationality: 


State (that is. country) of 


residence: 


This person is applicant | 1 all designated 1 1 all designated States except 1 1 the U 
for the purposes of: 1 1 States 1 1 the United States of Amenca 1 — 1 of An 


nited States 1 1 the States indicated in 
icrica only 1 1 the Supplemental Box 



Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is, country) of residence if no State of residence is indicated below) 



State (that is. country) of nationality: 



This person is: 

I I applicant only 

{ I applicant and invCT^ 

I I inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is, country) of residence: 



This person is applicant I — | all designated | — I all designated States except I I the United States I I fte States in^Mtedm 
for thepurposes of: I I States I I the Umled States of Amenca I I of Amenca only L_l the Supplemental Box 



I I Further applicants and/or (further) inventors are indicated on another continuation sheet. 



Vnrm PrT/RO/101 rronti mixtion <ihf^f^ r.Tnlv 1 ^OR* rennnt Taniiarv :>0m ^ LegalStar 2001. Form PCTREQ ^^.^^ j^^^^^^ reauest form 
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^^^^^ ^ PC Ty- u s o .1. q-B ± 

Supplemental Box If the Supplemental Box is not used, this sheet need not be included in the request. 

1. If. in any of the Boxes, the space is insufficient to furnish ail the information: in such case, write "Continuation of Box No. ... " 
[indicate the number of the Box) and furnish the information in the same manner as required according to the captions of the Box 
in which the space was insufficient, in particular: 

(i) if more than two persons are involved as applicants and/or inventors and no "continuation sheet" is available: in such 
case, write "Continuation of Box No. Ill" and indicate for each additional person the same type of information as required 
in Box No. IIL The country of the address indicated in this Box is the applicant's State (that is, country) of residence if no 
State of residence is indicated below; 

(ii) if in Box No. II or in any of the sub-boxes of Box No. Ill, the indication "the States indicated in the Supplemental Box" is 
checked: in such case, write "Continuation of Box No. 11" or "Continuation of Box No. Ill" or "Continuation of Boxes No. II 
and No. Ill" (as the case may be), indicate the name of the applicant(s) involved and, next to (each) such name, the State(s) 
(and/or, where applicable, ARIPO, Eurasian, European or OAPI patent) for the purposes of which the named person is 
applicant; 

(Hi) if, in Box No. II or in any of the sub-boxes of Box No. Ill, the inventor or the inventor/applicant is not inventor for the 
purposes of all designated States or for the purposes of the United States of America: in such case, write "Continuation of 
Box No. 11" or "Continuation of Box No. Ill" or "Continuation of Boxes No. II and No. Ill" (as the case may be), indicate the 
name of the inventor (s) and, next to (each) such name, the State(s) (and/or, where applicable, ARIPO, Eurasian, European 
or OAPI patent) for the purposes of which the named person is inventor; 

(iv) if, in addition to the agent(s) indicated in Box IV, there are further agents: in such case, write "Continuation of Box No. IV" 
and indicate for each further agent the same type of information as required in Box No. IV; 

(v) if in Box No. V, the name of any State (or OAPI) is accompanied by the indication "patent of addition," or "certificate of 
addition," or if, in Box No. V, the name of the United States of America is accompanied by an indication "continuation" or 
"continuation-in-part": in such case, write "Continuation of Box No. V" and the name of each State involved (or OAPI), and 
after the name of each such State (or OAPI) . the number of the parent title or parent application and the date of grant of the 
parent title or filing of the parent application; 

(vi) if, in Box No. VI, there are more than three earlier applications whose priority is claimed: in such case, write 
"Continuation of Box No. VI" and indicate for each additional earlier application the same type of information as required 
in Box No. VI; 

(vii) if in Box No. VI, the earlier application is an ARIPO application: in such case, write "Continuation of Box No. VI", 
specify the number of the item corresponding to that earlier application and indicate at least one country party to the Paris 
Convention for the Protection of Industrial Property or one Member of the World Trade Organization for which that earlier 
application was filed. 

2. If with regard to the precautionary designation statement contained in Box No. V, the applicant wishes to exclude any State(s) 
from the scope of that statement: in such case, write "Designation(s) excluded from precautionary designation statement" and 
indicate the name or two-letter code of each State so excluded. 

3. If the applicant claims, in respect of any designated Office, the benefits of provisions of the national law concerning 
non^prejudicial disclosures or exceptions to lack of novelty: in such case, write "Statement concerning non-prejudical disclosures 
or exceptions to lack of novelty" and furnish that statement below. 



Continuation of Box No. IV 

KUSHMAN, James A. 
Brooks & Kushman 
1000 Town Center 
Twenty-Second Floor 
Southfield, Michigan 48075 
United States of America 

Telephone No.: (248) 358-4400 
Facsimile No.: (248) 358-3351 



NEMA2I, John E, 
Brooks & Kushman 
1000 Town Center 
Twenty-Second Floor 
Southfield, Michigan 48075 
United States of America 

Telephone No.: (248) 358-4400 
Facsimile No.: (248) 358-3351 
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Box No.V DESIGNATION OF STATES 



The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes; at least one must be marked): 
Regional Patent 

la AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan, SL Sierra 
Leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State v^ch is a 
Contracting State of the Harare Protocol and of the PCT 

Rl EA Eurasian Patent: AM Armenia. AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova, 
RU Russian Federation, TJ Tajudstan, TM Turkmenistan, and any ofher State which is a Contracting State of the Eurasian 
Patent Convention and of the PCT 



S £P European Patent: 
DK Denmark,^ £S 



AT 

Si 



BE Bel 



Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, CY Cyprus, 
ES Spain. FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, ri iiaiy, i^u 
Luxembourg MC Monaco, NL Netherlands, PT Portugal, SE Sweden, TR Turkey, and any other State which is a 



DE 

IT Italy, 



Gemmn^, 



Contracting State of the European Patent Convention and the PCT 



Ba OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cote dlvoire, CM Cameroon. 
GA Gabon, GN Guinea, GW Gumea-Bissau, ML Mali MR Mauritania, NE Niger, SN Senegal TD Chad, TG Togo, and 
any other State which is a member State of OAPI qnd a Contacting State of the PCT (if other kind of protection or treatment 
desired, specify on dotted line) . . .GQ . Bcjjatorial . Guinea 



National Patent fif other kind of protection or treatment desired, specify on dotted line): 



81 

El 
81 



Bl 



Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 



Bl 
Bl 



AE United Arab Emirates vQ 

AG Antigua and Barbuda S 

AL Albania Bl 

AM Armenia B 

AT Austria Bl 

AU Australia IS 

AZ Azerbaijan B 

BA Bosnia and Hetzegovina Bl 

BB Barbados Bl 

BG Bulgaria B 

BR Brazil IS 

BY Belarus IS 

BZ Belize Bl 

CA Canada IS 

CHandLI Switzerland and Liechtenstein Bl 

CN China IS 

Costa Rica IS 

Cuba IS 

Czech Republic H 

Germany Bl 

Denmark K 

Dominica Bl 

Algeria Bl 

Estonia B3 

Spain 13 

Finland G9 

United Kingdom 8! 

Grenada Bl 

Georgia H 

Ghana Bl 

Gambia Bl 

Croatia Bl 

Hungary Bl 

Indonesia K 

Israel H 

India Bl 

Iceland K 

Japan Bl 

Kenya 



CR 

cu 
cz 

DE 
DK 
DM 
DZ 
EE 
£S 
FI 
GB 
GD 
G£ 
GH 
GM 
HR 
HU 
ID 
IL 
IN 
IS 
JP 
KE 
KG 
KP 
KR 
KZ 



LC Saint Lucia 
LK Sri Lanka 
LR Liberia 

LS Lesotho 

LT Lithuania 
LU Luxembourg 
LV Latvia 

MA Morocco 

MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 
MN Mongolia 

MWMalawi 

MX Mexico 

MZ Mozambique 
NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SD Sudan 
SE Sweden 
SG Singapore 

SI Slovenia , 

SK Slovakia 

SL Sierra Leone 

TJ Tajikistan 

TM Turkmenistan 

TR Turkey 

TT Trinidad and Tobago 

TZ United Republic of Tanzania 

UA Ukraine 

UG Uganda 

US United States of America 

UZ Uzbekistan 

VN Viet Nam 

YU Yugoslavia 

ZA South Africa 



IS ZW Zimbabwe 



Kyrgyzstan 

Democratic People's Republic of Korea Check-boxes reserved for designating States which have become 

Republic of Korea party to the PCT after issuance of this sheet: 

B KZ Kazakhstan IS CQ Colombia .^C. EC Ecuador . X .OM Oman 

Precautionary Designation Statement: In addition to the designations made above, Gte applicant also makes under Rule 4.9(b) all 
other designations wiiich would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as bein§; 
excluded from the scope of this statement. The applicant declares that those additional designations are subject to confiimation anci 
that any designation wiiich is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn 
by the applicant at the expiration of that time limit. (Confirmation {including fees) must reach the receiving Office within the JS-month time 
limit) ^ 
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S-19-02; 9 : 02AM ; BROOKS KUSHMAN 



£3ieet No. 



^ PCT/USO 1/48451 

; 2483583351 it- 4/ 

Bd/USl9SEP2e02 



Filing date 
of earlier application 
(day/month/year) 


Number 
of earlier application 


Where earlier application is: 


national application: 
country 


regional application:* 
regional Office 


international application: 
receiving OfiGce 


itein(l) 

(27.10.00) 
27 October 2000 


60/244,099 


US 






item (2) 










item (3) 











The receiving OfEce is requested to prepare and transmit to the Bitemational Bureau a certified copy 
of the cariier appUcation(s) (only if the earlier application -was filed with the Office which for the 
purposes of the present international application is the receiving Office) identifiea above as iiem(s): . 



* iVhtrt the earlier application is an ARIPO appttoation it is mandatory to indicate in the Supplemental Box ai least one eouittty party ta 0ve Parit Contmn&m ySur ch* 
Protection ^Industrial Property /br y^nch that earUer appticalian yeaeftlcd (Rtfte 4,iO(bXfi))>- See Supplement^ Bos. 



BozNaVn INTERNATIONAL SEARCCTNG AUTHOMTY 



mrchlitt Avttiortty (ISA) 
df two or more Irttemattonal Searehtng Authorities are 
eonwetetu to carry out the iniemational searcK indicate the 
Aumon'ty chosen: the two-tetter ctKle mqy be uie^f: 

ISA/EP 



Rcqiiest to WRSuits of earlier acardiinfbraicetoaiataemi^ OfanearUer 
teofvh hat been carried out ty or requested Jkom theJiUentatlonat SecoKhtngAuthority}: 

ihic (dtty/month^arj Number CcmatriorregionatQffiee) 



Box Na Vm CHECK LIST: LANGUAGE OF FILING 



This intematioiial applicatioii contBins 
the following number of sheets: 



request 


5 


desoiption (excluding 
sequence listiz^ part) : 


35 


claims 


3 


abstract 


1 


drawings :. 


S 


sequence listing part 
of description 




Total nnmber of fhcctf : 


52 



This intenoatiQnal applicatioa is accompanied by the itam(s) marked below: 
1. 13 fee calculation sheet 

2. Q separate signed power of attomey 

3. n copy of general power of attomey, reference nmnber, if any: 

4. Q statement explaining lack of signature 

5. Q priority documient(s) identified in Box No. VI as item(s): 

6. d translation of intemationa] applicatioa into (language): 

7. Q separate indications cGDceming deposited microorganism or other biological material 

8. Q nucleotide and/or amino acid sequence listing in computer, readable fonn 

9. G9 other (^peefSs).* Letter Dated July 1. 2001 - "Delegation of Authority'* 



Figure of the drawings v^bich 

should accompany the abstract 2 


I^mguage of filing of ttie 

international application: English 


Box Ko. IX SIGNATURE OF APPLICANT OR AGENT 



Uext to each signature, indicate the name of^e pmon 'signing and Cfttf eapaei^ in whidt the person sigfu (if such capacity is not 
oMousfrom reading the request). 



THE REGE> 

univer; 



i OF THE 
' OF MICHIGAN 




Kennetti J. NIsbet Richard M. Lame 

Executive Director 
UM Technology Transfer 




JlWon Choi 



1. 


Date of actual receipt of the puported 
inteniational application: 


2. Drawings: 


3. 


Corrected date of actual receipt due to later but 
timely received papers or drawings CQnq>leting the 
puxpotted intemationai application: 




1 1 received: 


4. 


Date of timely receipt of the required 
corrections imder PcT Article f 1(2): 




1 \ not received: 


5. 


tntemational Searching Authority tq A / 
(if two or more are competent): i^/V 


6. r~| Transmittalof search copy delayed 
L*-l vntil search fise is paid. 





For International Bureau use only 



J Date of receipt of the record copy 
Received fhini <Mm83a5r>iintfia£2l^ AM lEastem Di^^ Time] 



SUBSTITUTE SHEET (RULE 2B) 




THIS ?mE BUm (USFTO) 



4 

This sheet is not part of and does not count as a sheet of the i>jp/|rar/f<y7a.^^ ^ li:::^ ..^ 



PCX 



FEE CALCULATION SHEET 
Annex to the Request 



Applicant's or agent's 
file reference 



. UOM0218PCT 



For receiving Office use only 



International applicatii 



01/48451 



2 9 OCT 2001 



Date stamp of the receiving Office 



Applicant 



THE REGENTS OF THE UNIVERSITY OF MICHIGAN 



CALCULATION OF PRESCRIBED FEES 

1. TRANSNGTTAL FEE 



$ 240.00 



2. SEARCH FEE 

International search to be carried out by 



ISA/EP 



$ 846.00 



(If two or more International Searching Authorities are competent in relation to the international 
application, indicate the name of the Authority which is chosen to carry out the international search.) 



3. INTERNATIONAL FEE 
Basic Fee 

The international application contains 

first 30 sheets 

22 X $9.00 



52 sheets. 



$ 382.00 [bT] 



remaining sheets additional amount 



$ 198.00 



b2 



Add amounts entered at bl and b2 and enter total at B 



$ 580.00 [bI 



Designation Fees 

The international application contains 

6 X 

number of designation fees 
payable (maximum 6) 



designations. 
$ 82.00 = L 



amount of designation fee 



$ 492.00 



Add amounts entered at B and D and enter total at I 

(Applicants from certain States are entitled to a reduction of 75% of the 
international fee. Where the applicant is (or all applicants are) so entitled, the 
total to be entered at I is 2396 of the sum of the amounts entered atB andD.) 

4. FEE FOR PRIORITY DOCUMENT (if applicable) 

5. TOTAL FEES PAYABLE 

Add amounts entered at T, S, I and P, and enter total in the TOTAL box 



$ 1,072.00 I 



0.00 [V] 



$ 2,158.00 



TOTAL 



I I The designation fees are not paid at this time. 



MODE OF PAYMENT 

□ authorization to charge 
deposit account (see below) 

|X| cheque 

I I postal money order 



I I bank draft 

I I cash 

\ I revenue stamps 



I I coupons 

I I other (specify): 



9^ 



1^ 



6^ 



16" 



^173 



DEPOSIT ACCOUNT AUTHORIZATION (this mode of payment may not he available at all receiving Offices) 
The RO/ I ] is hereby authorized to charge the total fees indicated above to my deposit account. 

(this check-box may be marked only if the conditions for deposit accounts of the receiving Office so permit) is 
hereby authorized to charge any deficiency or credit any overpayment in the total fees indicated above to my 
deposit account. 

is hereby authorized to charge the fee for preparation and transmittal of the priority 
Bureau of WIPO to my deposit account. >^ 

29 October 2001 (29.10.01) oQlig-g^ 



02-3978 



Deposit Account No. 



Date (day/month/year) 




ito the International 



Signature williaitTGr Conger 



Form PCT/RO/101 (Annex) (January 2000; reprint January 2001) Leflaistar20oi. Form pctrfee 



See Notes to the fee calculation sheet 
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